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Notice

This is not an official policy and standards document. The opinions, findings, and
conclusions are those of the authors and not necessarily those of the Environmental
Protection Agency. Every attempt has been made to represent the present state of
the art as well as subject areas still under evaluation. Any mention of products or
organizations does not constitute endorsement by ¢ghe United States Environmental
Protection Agency.
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Availability of Copies of This Document

This document is issued by the Manpower and Technical Informatien Branch, Con-
trol Programs Development Division, Office of Air Quality Planning and Standards,
USEPA. It was developed for use in training courses presented by the BPA Air Pollu-
tion Training Institute and others receiving contractual or grant sppport from the
Institute. Other orgamzauons are welcomé to use the document for tﬁmmg purposes.
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"Schools or govcrnmental air pollution control agencies ‘establishing trainjng programs

may receive single copies of this document, free of charge, from the Air Pollugion
Training Institute, USEPA, MD-20, Research Triangle Park,"NC 27711. Othcrs may
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~> The Air Pollution Tramng ln.iltlu'lc"(l) conducts trawming for personnel working on the develop
ment and improvement of state, and local governmental, and EPA air pollution control programs,
as well as for personnel i industry and academic mstitutions, (2) prowvtdes consultation and other
lrammg assistance to governmental agencies, educational institutions, imdustrial organizations, and
others (ngage(‘ tn air pollution trarning a(lwmf, and (3) promgptes ll_lc development and improve
ment of air pollution traming programs in eduéational institutions and state, regional, and local
governmental air pollution control agencies Much of the program is now conducted by an on sute

v contractor, Norlh{()p Services, Inc.
One of the principal mechanisms utilized to meet the Mistitute’s goals 1s the intenstve short term
technical tramning course. Aqull-time professional staff is responsible for the design, development,
and presentation of these courses. In addition tRe seruices of screntists, 't;;lét'nve?s_,_andhs?fecmh’sammr»“ww"M—m'—mm'—m

from olhe‘r EPA programs governmental agencigs, industries, and universities are used to augment

and retpforce the Institute staff in the development and presentation of technical matgrial

- Indtuidual course objectives and destred learning outcomes are delineated to meet specific program
needs through training Shbjed matter areas covered include air pollution source studres, atmos-
pheric dispersion, and atr quality management. Thesg coursés are presented in the Institute’s rest-
dent classrooms and laboratortes and at various freld locations
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A. IN'I‘RODUC&ON

’
This notebook contains the basic materials for use by the ¢ourse modera-

or and lecturers teaching fCombustion Evaluation in Air Pollu-
tion Control." Among the materials included are: b

4

. <
Course- goals .
Instructional obje§tives, .
Course descriptiont and agenda
- Course prerequisite skills .
" Intended student population P
General discussion about course presentation
List of text and other handout materials
Pretest and post-test with answers -
' Class problems and homework assignments .
Lesspn plans for each agenda item
N l .

The lesson plans include:

i A [

Lesson title, number, and time required
- Lesson goal and objectives
Student prerequisite skills
. Level of instrugtionm
Intended students' professional background
List of support materials and equipment
Special instructions (if any)
List of key references

+

~

\\ﬁist of slides ‘
. sson content outline keyed to slidegy and student manual
Discusston questions




"a

B. GOALS
FOR COMBUSTION EVALUATION IN -AIR POLLUTION CONTROL, C;'

- AIR POLLUTION TRAINING INSTITUTE COURSE NO. 427

The goals of Combustion Evaluation are to provide engimders, other tech-

nical}and regulatory officials, and others with the knowledge of funda-
mental- and applied aspects of-combhsEion, as well as an overview of the
state-of-the-art of combustion technology as it relates to air pollution

"control work. This knowledge will improve the ability of the partici-

pants to perform their work with combustion-related air pollution prob-
lems: evaluating actual and pote&ntial emissions from combustion sources,
performing engineering inspections, and developing recommendations to
improve the performance of malfunctioning combustion equipment.

. Vel
In order to achieve these goals, the participantsyxill be taught to
perform c¢alculations typical of those required for Combustion Evalua-
tion.

'EmphASis will be placed. on those combustion sources and control devices ¢«

which are frequently encountered by engineers, including selected:

-

1. Combustion sources burning fossil fuel to generate steam
or direc¢t heat,

2. Combustion sources burning liguid and solid waste, and . Lt

3. Pollution control devices which utilize combustion for the
control of gaseous and aerosol pollutants.

At the conclusion of this course, the participants will be familiar with
combustion principles and with tH€ more important design and operational
parameters which influence the air pollution emissions from typical com-"
bustion sources. Furthermore, they will be able to perfQrm selected
fundamental calculations related to emissions quantities and requirements
for compléte combustion. The participants will understand some of
more important methanisms gy which trace species are formed in and emitted
y stationary combustion processes. .The participants will understand the
i;ys in which certain design and operation variables may be employed %o
nimize emissions.' .

To achieve the maximum benefit from this course, participants should
possess some engineering or scientific background.

-
hY



’ 4 C. INSTRUCTIONAL OBJECTIVES ‘FOR TN

~COMBUSTION EVALUATION IN AIR POLLUTION CONTROL /
. ' \ i .

1. Subject: Introdé;tion to Combustion Evaluation in Air Pollution
. Control ) ’) ) '\

Objective: The student will be able to:

-

Pollution Control; .

I3

. a. identify three major goals of Combustion Evaluatiaqwir Air
/

!

b. 1list four of the subject areas which will be empha81zed in the

course (fundamentalg of combustion, fuel properties, combus-
, tion system design, emission calculations, various combustion
- , -equipment topics, NOy control);
A
c. present two reasons for applying the fundamental conceépts of
. combustion when trying to solve combustion evaluation prob-

lems in air pollutizﬂ‘control‘ -

d. 1list three of the important air pollutant emissions which may
be limited by combustion control.

* 2. Subject: Fundamentals of Combustion
Objectivé: .The student will be able to: . j£/
. . . !
\ a.. use the basic chemical equations for combustion reactibns,

™ with or witHout excess air, to calculate air requirements
and the quantities of combustion products;

b. apply » ideal g&s law to determéne volumetric relationshibs
. for typical combustion situations; )

c. distinguish between different types of combustion as char-
acterized by carbonit theory (ygllow flame) and hydroxyla- </
tion theory (blue flame); - L,

4. define heat ‘of combustion, gross and net heating values,
available heat, hypothatical available heat sensible heat,
latent heat, and heat content; o

e. determine the available heat obtalned from burning fuels
“at*different flte gas exit temperatures and with various
amounts of excek¥s air, using generalized correlations;

]




-

{. 11t the chemical element o owhioh combaine with nx)-}vnl‘.«:hvn
fucls burng; '

- \\\ 3. list the four items necessary for efficient combust ton;
- .
h. describe qualitatively the interrelationships between tiﬁv,
temperature, turbulence, and oxygen Yequired for proper com-
bustion of a given fuelyg,

-

i. recite the conditions for equilibrium;

j. describe how an excess quantity of one reactant will affect
other concentrations at equilibrium;

k.. cite thegyexpression for the rate of reaction;

! : 1. identify the Arrhenius equation as a model for the influence
of temperature on combustion rate;

m. define the activation energy;
n. describe the mechanism of catalytic activity; and

o. list the reasons for the deterioration of catalytic activity.

3. Subject: Fuel Properties
L 4 .

.

Objectives: The student will be able to:

a. &tate the important chemical -properties which® influence air

pollutant emissions; '
2

,

b. use the tables in the student- manual to find representative
values for given fuel properties; I

'\ c. describe the difference ‘in physical features which limit the
rate of combustion for gaseous, liquid, and solid fuels;
] - 2 . 4
a. explain bheﬁimpbrtance-of fuel_préperties-such as flash point
. and upper-apd lower flammability limits which relate to safe
N operation of combustion installations;
e. *use either specific or API gravity to determine the total

heat of combustion of a fuel oil; _ °

f. describe the influence of variations in fuel oil viscosgty
on droplet-fermatiomand on completeness of combustion and

~ emissions; <, B
g. list the ilportant compoments in thé proximate and'ultimaté'

¢ . - analyses; : Pt
. L La \ X . [ 4 .
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-
h. detine Mas ftired,” "a% roocaved,” "morsture tree,” and T y
basis” as they apply _to the chemical analysis oﬁ,swlid fucls;
and :

i. explain the significance of ash fus\On tempolature and daking
index in the burning of coal.

-
4. Subject: ° Combustion System Design e
’:’) - .
» Objective: The student should be able to:

a. descyibe the relationship between energy utilization, furnace
hea® transfer, and excess air as means of furnace temporature
control;

~

_ . - N
b. understand the limits which may be imposed by thermodynamic ¢
laws and how these limits dictate choice of energy-recovery
devices following the furnace; and

c. calculate the energy required from fuel to meet an output
" energy requirement.

5. Subject: Pollution Emission Calculations -
Objective:  The student shoulqd be able to:

a. describe .the nature and origin of most of the published'emis-
sion fagtors and state what js necessary for more precise
estimates of emissions from a specific installation with
spec1f1¢d de31gn features? '

b. apply the proper method for using emission factors to deter-
mine estimates of emissiens from typical combustion sources;

c. define and distinguish between concentratiga standards (C
and Cpg), pollutant mass rate standards (PMRg), and proczss

¢ standards (Eg); N

4 -
2

use average emigssion factors to estimate”the emissions from
typical combustion installations;
' ' 7/

e. calculate the degree of control required for a given_soOurce
to. be Brought into cqmpliance w1th a given emission standard;

"\ : N
., f. - perform calculations using the relatlonshlps between anti-
, ... cipated SO, emissions and the sulfur content of ,liquid and
&

solld fuels, .? . )

g;' 1dent1fy the proper equation for computing cess air from
- an Orsat analysis of the flue gas of a“’gombustion installa-
tion; ' - -, . .

) . . . -

o - . . " v N . . - - . T ’ -..'-- N - < N o -
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6. Subject: Combustion Control and Instumentation
Obijective: The student will be able to:

a. list the important variables (steam pressur[} steam flow
rate, gas temperature) which may serve as ghe controlled
variables used to actuate fuel/air controls for combustion
systems;

b. describe the prima}y'purposejﬁf a control system which is
to. maintain combustion efficiency and thermal states;

. . . -.“r\-

c. understand the interrelationships between varying load
(energy output) requirements and both fuel/air flow and
excess ailr; ‘ :

d.’ identify instrument readings indicating improper combustion
or enerqgy transfer; and ,

e. describe the influence of excess air (indicated by O3 in
stack gases) on the boiler efficiency, fuel rate, and eco-
nomics of a particﬁlar boiler installation.

N . ' R 2
7. <Subject: Gaseous Fuel Burning-
Objective: The student will be able to: . ' J§\~
a. describe the functions of the gas'buiner; 4
b._ define pre-mix and its influence on the type of flame;
0 ’
c. list burner design features and how these affect the limits
» of stable flame operating region; )
[} . 4 - .
d. namé four different types of gas burners and their special
- design features:; '

e. cite typical gas furnace, breeching and stack operating
temperatures, pressures, and.gas flow velocities:

f. describe the relationship between flue gas analyses and the”

Gtate the rteasons fony e esRng concentrations at o tandard
conditions of temperature pressure, mbisture content, and
oxcess air; ’ !

. « P
identify and use the proper factors for correcting tield
measurements to a standard basis, such as 50% excess arr .
12% €Op, and 6% O,» and f ’

use F-factors to estimate emissions from a combustion source.

air-to-fuel ratio;



ay ' » -
N i ° . v . . ’
g. ‘list the causes and de:ribe the signs .of malfunctioning
s gas-burning devices; and
(] . ~ .
S 1 h. describe techniqued used to correct a malfunctioning gas-
burning device. R

) ’ . .
. ‘ ' 8. Subject: Fuel 0il Burning ’

ty ‘Objective: The student will be able to: _
< - N\ ' \
"J& - a. describe the important design and emission characteristics (
: gkOil burners using air, steam, mechanical (pressure), and
v rotary-cup atomization;

b. describe the influence of temperature on oil ViSCOSity and

- atomizatiOn;
\

O P - Pedul ivgee Neer wmmm ety T T SUL RS MY BUALES R st Yae S ey W Wil Bea t?) ST YN Y9N Y LR RN W L T O N I L YU S U SR L TS

_Wc:m“describe how vanadium and sulfur content- in fuel 011 influ—_wmm“mm“___mn
ence furnace cokrosion and air pollution emissions,

, ) d. degcribe burner nozzle maintenance and its influence on air -. ’
- A pollutant emissions from oil combustion installations; and

e. locate and use tabulated values of o0il fuel properties and
pollutant factors to compute uncontrolled emissions from
oil-burning sources

A
9. Subject: . Direct-Flame and Catalytic Incineration )
. ) N N ’
Objective: Thé student will be able to:
a. cite examples of air pollution sources where direct-flame . "'

and catalytdc afterburners are used to control gaseous
emissions;

]

-

. b. describe the influence of:temperature on the residence time
' required for proper operation of afterburners; ' ™

.C. apply fundamental combustion caléh%ations to determine the
“,' ,() auxiliary fuel required for direct-flame and catalytic
; ' ) ' incineration with and w1thout energy, recovery;

4. perform the necessary calculations to determine the proper

' RRysical dimensions of an afterburner for a specific appli-
_ _cation;\ .
v o o i T . ‘
L o e. list three reasons for loss of catalytic activity and ways, -,
PR of preventing such loss;: and

to- o o f. cﬁte methods available for reducing afterburner operating
' costs ' A o - _ o - N S

»
4
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' 11.

\

12.

™.

i . <

Subject : Coal Burning
Objective: The student will be able to: .
"
a. describe the design characteristics and operating pragctice

: »
b. discuss the parameters that influence trh:dosiqn of overfire
and underfire air (in systems which burn coal on grates)
and for primary and secondary air (in systems)which burn
coal in suspension); . ~
) -
c. describe the influence ofltﬁi amount of volatjilewmatter and
fixed carbon in the coal on its proper firing, in a given
v furnace design; .and [
o S O P - ™ A
d. describe how changing the ash content and the heating value
'"Mmmmbf'665T"652[1ﬁflﬁéﬁﬁéwfﬁé'édmbuSYiéh"5§MWéll”éé”thé"ﬁapacitgj“"“”“““““*“m"*
of a specified steam generator. " '
Subject: + Solid Waste and. Wood Burning '

Objective: The student will be able to:

a.

Subject: Controlled-Air Incineration

Objective: The student will be able to:

a.

of coal burning equipment, including overteed, underteed,,
and spreader stokers, as well as pulverized and cyclone fur-
naces ;- =

list the important similarities and differences in both the
physical and chemical properties of solid waste, wood waste,
and coal; .

describe the mechanical configurations required to complete
combustion of solid waste and wood waste and compare -with
those for burning-coal:; and

]

describe the unique combustion characteristics and emissions
from burning unprepared solid waste and refuse-derived fuel.

e ,

describe the combustion principles and pollution emission

characteristics of controlled-air incinerators contrasted ~e

_ with #hose of single_and mul tiple-chamber designs;

’
identify Bperating features which may cause sgmoke emiséion
from controlléd-air incinerators; and '

L : _ \
relate the temperature of gases leaving the af;grburner'po
the amoynt of auxiliary fuel needed by the afterburner. '

-
A

*e
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13. Subject: Combust ion of Hazardous Wastes

Objective: The gtudent will be able to:
’

w. cite special requirements associated with the combustion of
hazardous liquid apd solid wadt1’;

b. cigp the special requirements for treating the combustion
. products to control pollutant emissions from incineration
) operations;
2 .
} c. - list examples of substances and/or elements whicﬁ\cannot be
~ controlled by incineration; -
d. ‘descrlbe the fuel requ1rements hecessaty to dispose hazard—
_wa Ous wa§te materials; and
' . | L .
Y. e. 1list a number of hazardous wasté& materials (including poly-
- L : .chlorinated biphenyls —» PCB'S — pesticides, and some other
,_\ ~-halogenated-organtes) wWNTEh Hay b ai§posed ot siccess a1y
: ;".” ., through proper liquid incineration devices; give the required
4 . temperatures and residence times to achleve adequate destruc—
tion.
14. Subject: NOy Control l
Objective: The studemt will be able to:
a. identify three of the major statlonary 50urces of . ‘NOy emis-
s ) sions; -
'b. locate and use emission factors to estimate the amount of
e NOy emitted by a potential combustion source;
" K - . \
¢ c. describe the difference between mechanisms for forming
- "Thermal NOx" and "Fuel NOy";
\ { L ) . ' .

d. describe various tecgniques for NOy control: flue-gas
recirculation, two-stage combustion, excess air/control,
catalytic dissociation, wet-scrubbing, water injection, and
" reduced: fuel burning rate; and

' "e. : state the amount of NOyx control aVallable from particular
) examples of combustion modiflcatlon;_

15. Subject: Improved Céhbustion through Design Modification

Objective: The student will'bew' 1e to:

Y

a. state the benefits of prop®& maintenance and adjustment of
T re31dentia1 oil-combustlon units;




\’ *
. . . ‘h' ’
b. I1st three important: featares to check during the main

tenance of comm':ial oil-fired buinbrs;

c. discuss the dif ferente between "minimum 0" and "lowest
practical 0" and why these are important in industrial

boilers; . =
¢ R ' '
d. 1list two reasons why a burner may have a higher "minimum
02" level than the typical value; describo what remedies
may be available; : \'

e. indigate the effect of the combustion modification techniques

on thermal efficiency: lowering excess ajr, staged-air com- -
Bhetion,,redueed gombustion -air preheat, aSQd flue-gas recix-
gulation; and ’ b

R
»

f.  disMss why NO,, control from coal-fired utility boilers is
more difficult to achieve than from similar eil or gas' units.
) .

‘ 16. Subject: Waste Gas FIareés (Opticnal) L e L S e

-

. ]
Objective: T student. will be able to:
a. calculate the carbon-to-hydrogen ratio of a waste-gas stream.
’ “and determine when and how much steam will be requ1red for

”_ smokeless- flare Qperation;
: »
'/1 (AN .

. b. understand‘the diffarence betweén elevated and grOuné—level
flares and the design considerations which underlie the
choice of one br fhg other; and

”~,
c. describe prdvisions for le eling waste-gas flow rates from
intermittent SOurces.\\
17. %ubject: Municipal Sewage
- '

éludge I:ncinerat‘on (Optional)

‘able to: )

Objeptive: " The student will

_ ~ a. list and discuss the air pollutants emitted in incineration
. - - Iof sewage sludges .. - . . .
% o b. describe special dgsign features: tequired to burn wet sew-
'~ age sludge fuel; C . .

c. describe. the combustion-related activity occurping in eacly -
of the four zones 6f the multiple—hearth sewage sludge
'incinerators,_ o . LR

d. discuss ‘the options of combustion air preheating, flue ge;
' reheating, and energy recovery; and .

¢ . : .« - L I
o~ . . o \ .

_ A list ‘two important operational problems which can adversely
- T _ influence air pollition emisiiggsf~w1 '

o ~

—y
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A ' D. ' COURSE BACKGROUND AND DESCRIPTJION
S . - ' /
. | , :
In 1966 the Air Pollution Traininyg Program of the Robert A. Taft SanitarYi
Engineering Center in Cincinnati, Ohio established the course "Combustion
Evaluation, Sources and Control Devices," No. 427. This course was ori-
ginally taught by personnel of the Air Pollution TTaining Institute with
‘the aid of variqus"quest lecturers.
\hhtweqn June 1972 and September 1978, Assdciated Environmental Consultants
of Charlottesville, Virginia taught “"Combustion Evaluation" twenty-seven
times under contract with the U. S. Environmental Protection Agency.

In 1978 Associated Environmental Consultents contracted to develop new
objectives and instructional resource materialsg so that the course could .
be taught by technically capable persons at %GZious regional air pollu-
tion control training centers throughout the ‘United States. .

New course goals, instructional objectives, agenda, and intended student
populations were selected following discussion meetings with selected’
adyisers. Mese meetings were held in EPA facilities at Research [Jri-
angle Park, NC' (April 7, 1978 and June 1, 1978), Chicago, IL (May 16,
1978), and San Francisco, CA (May 17, 1978). Attending the meetings.
were the EPA project officer, James O. Dealy; a representatiVe from ‘
Associated :Environmental Consultants; and at the Chicago and San Fran-
cisco meetings, representatives selected from appropriate federal, state,
and local air pollution control agencies. The June 1, 1978 meeting was
attended by representatives of the Air Pollution Training Institute,
Northrop Serviges, Inc., the EPA Industrial Environmental hesearch Lab-
oratory, as well as other EPA research and regulatory divisions.

The instructional resource materials which were developed include this
Course Moderator's Manual; the student manual, entitled: Combustion
Evaluation in Air '‘Polfution Control; and the Workbook for Combustion .
Evalua;ion in Air Pollution\Control.

- _
The course mbderator will note that the course agenda (see Section 5)

is arranged in a sequential format, which may be taught as indicated in
the agenda, or may be rearranged to meet the' needs of -variqus geographi-
cal regions, as well as the available time which a partic‘i:r group of
students has to participate in training activities.

'LessonS'l through 8 provide a modhle 6f instructional materi#l on the

chemistry of combustion, containing sp@cific information about fuels
and combustion calculations. Many of khe participants will have been
previously introduced to this fundamental information in college chem~

istry and physics courses.' It is included in the course as a review,

\
s 4
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because of its importance in combustion and pollution emission calcu-
lations. 1In addition, the fundamental combustion concepts must be
understood in order to evaluate other combustion-related air pollution
problems. Depending on the particular student population, additional
time may be used on these topics. These areas may be omitted from the!
course for students who require only the advanced information; hnwover
. they should read Chapter 1, 2, and 3 prior to their attendarnco. .
Lessons 9 through 14 provide a module of instructional terial bn com-
bustion -design and pollution emission computations Thi% module will
be difficult for any student who dogs not have an engineering or equi-
valent background. However, field enforcement personnel and technicians
JARR S will profit from this if they possess ‘engineering computational abili-
tles.

Lessons 15 throﬁgh 25 provide a module for_insfrucﬁigh on the Aesign
and operating features of ®ypical compustion equipment which are im-

DR I I N L L T Ty

.,mwm“”w“;Jvhggrtant for gwid combustion and air pollutant control.
1fssons 26 through 30 provide an instructioﬁél moddle containing
» : materiad which is,of specific téchnical intereét.‘ Two optional topics
+ (flares and sewage sludge‘incineration) are provided for the particu-
lar interests of some regions or student populations. These topics may
be substituted in the place of other topics (e.g., controlled-air inci-
neratigr_and combustion of hazardbus waste), or they may be added to
extend the course. * The course moderator willuuse his or her judgment

and knowledge of the student Eopulation in this mdtter.

o »

courge agenda; provide e time for some lessonsgand less time for
‘others, ox make the course longer or shorter. The students' background
armtl their-training ne&ds will be the determining factors in, the modera-
tor's decision of the lesson topics. It is recommended that the sequenye
given in the first twentYfour lessens be followed, to ac mmodata tﬁh’
prerequisites of each lesson. Sequence rearrangement and Substitution
"of . optlonal lessons after Lesson 24 wigl not cause’ disrupt:.on, except

‘Additionally the aoursemJoderator may use discretion to revise the
X

A

that Lesson 28 should follow-Lesson 27. ~ |
v * ' -
A pre-tegt and post-test have‘been included to me;‘!re how effectively
the instructional objectives have been achieved. \ .
\
' v .
{ =
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E. AGENDA F\%R COMBUSTION EVALUATION IN AIR POLILUTION CONTROL

1]

-r i

A
’ )
’DAY & TIME - SUBJECT a
VR
Mondﬁb S | ,
’ . v + a
8:30_— 9:30 Registration and Pre-Test r
9:30 — 10:00 Introduction to Combustion Evaluation
'"pfniﬁ?aﬁ'L“i??gﬁﬁn”“”"”Fﬁhﬂémen;ais'of Combustion } — Basic Chemistry
| 11:10- — 12:00 andémeh£éis‘of C?mbu;:ion Il — Thermochemical
: ) Relat}onships | ' T
1:00 — 31:30 : 'Filmq — “"Three T's ofwbom::stion"
1:30 — 2:20 Réactioﬁ Kinetics \‘
2:40 — ;:20 Fuel R{pperties - i . .
3420 — ,4:30 Problem Session I e
4:30 Homework Assignment: Problem I.5
Tuesday. N . . 0
8:30 % 9:00 - Review Homework)and Pre-Test Results .o
9:00 — iOfOQ. . 6ombh;tion System. Design ////R’ -
.10£i5 - ll:ié  Problem Session?IT | N
11:15 — 12:06ﬁ. ..Pollutionﬁmission Calculations I
1:00 — 1:45 Problem Session I‘I_I‘\h, , | ~
‘ 1:45 — 3:15 | Pollution Emi§§ion Caltulatibgg IT ‘ -
3:30 — 4:30 ~ Problem Session IV | . \\\9// N ;
'_’Homewdrk.Assigﬁment:‘ Problem iI.Z;'iV.3:

Iv.5
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DAY § TIME

s Hs e AR o m o mens s e — e i e+ i wan

SUB JECT

Wednesday

8§:30 — 8:45 ’

e 8:45 —  9:15
;illi ¢ 9:15 —~ 10:00

10:15 — 11:00

‘ \ 11: 00 ~ 12:00
L 1:00 = 2:00
. 2:00 —, 2:30
.
2:45 — 3:45.
3:45 — 4:30
430
Thursday '
8:30 — 8:45
8:45 — 10:30
ol i 10:45 — 12:00
| : ifoo- 2:00

2:15 — 3:15
3:30 — 4:30

‘4:30°"

“v 0 Friday, T 71 .

¥ 8:30.— 8:45
8:45_1 9:45'
N -10:00 ~ 1i:00~ \mJ
-;1_1;0,'0"_.— 12'20‘_(3';:,_ -
| 12:00-.,."'- -

o

””7~;? f optional quic 1

"NOy ContTol Theory

Optional T0pic 2:

Homework Review

Introduction to Combustion Controhks

QLilm — "Boilers and Their Control"”
Combustion Installation Instrumentation
Gaseous Fuel Burning ' -

Fuel 0il Burning

~. Film — "Combustion for Control of Gaseous

Pollutants"

Direct Flame and Catalytic Incineration

Problem"Session Vv

. Homework Assignment: ,Problem V.2

Homework.Revie%‘

Coal;Burning )
Solid Waste and_Wbod.Burning
Problem Se§sion V1 “

Controlled Air Inc4neration (or optional

topich\ - .

Combustion of Hazardoué Waste (o
topic) N

. Al

optional

oy ) - : |
Homework Assignment: ‘Problem VI.2 | R

'Homgwork~ReView__,~ o o

Combﬁstion Modifications_'

“

Post Test . L

v

Course Céncludes

Fiares . : |
Sewage Sludge Incineration

® 20
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F. COURSE PREREQUISITE SKILLS PR .

Prerequisites for Course 427 1nc1ude,comp1etion of Course 452, or
equivalent experience, and one of the following: college-tevel
training in physical science, engineering, or mathematics. -

) ' ~

G. INTENDED STUDENT POPULATION

N R
Because this course 1is designed around student participation, 1t is
important that students selected for the course have the proper back-
ground 80 that they may both benefit from, and contribute to, the

course presented. o .(

' Combustion Evaluation in Air Pollution Contrdél is prepared for engi-

neersy technical staff, regulatory officials, and others who work in
combustion-related areas of air ppllution control. The course will-
be useful for the above personnel Wwho work in federpl, state, and
local control agencies as well as for industry.’ .,
The ideal class size is 20 to 35 .students. There should be enough
students to facilitate ‘good discussions and not so many that some
will not be able tW ask q‘eations or clearly see projected materials
or the chalkboard. .

. . A ) . o
H.  DISCUSSION ABOg; COURSE PRESENTATION
¢ . - . i ’ ’

-

»

_ Instructors — The three most important criteria in the faéﬁity selection

for this course are: (a) knowledge of combustion fundamentals and

T U Y T poo n-.'...‘ U R O
- N N AN N h ™ - "

.
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i practice related to air pollution control; (b) practical expericence with
luation of air pollution emis8ions from combustion sources; and
. (c) experience (and ability) to use lecture and problem segsion ‘tech-
. niques to instruct ®dults. 1In addition, the Course Moderetor sho
ol select instructors known to have positive attitudes toward air pd?iillon

L

control regulations . \
lt would be particularly helpful if instructor’ were able to sit in on
earlier offerings of the”course in order to gain an appreéiation‘ﬁf the
background and needs of typical students, -
)
The Course Modisztor should schedule a .briefing session before any in-
structor is pe tted to go before a class. This session should cover
a brief review of the overall course and the lesson objectives® Dis-
cussion should ensure that the instructor is well-prepared and comfort-
le with the material and techniques to be used.
»
Lesson plans should be distxibuted in advance to the faculty to give .
adequate 1ea3 time for preparation. Preparation must include the study
of the appropriate sections of the moderator's manual, visual aids,
student manual), .student workbook, and key references noted in the lesson
. ~ content outline. . \
Fach lesson plan outlined io9 designed for a limited time. Instructors
should be cautioned to. obse time schedules, There is no reason why
instructors cknnot vary thef/format or content of any given lesson, as
' long as lesson objectives e met. However, all variations shoqu be
to encourage greatey student participation '

| ¢ Co
- \;\ Physica}\sGefing-— ‘In seleeting the: physical'setting for this course,
the course moderator must anticipate Beveral special re ements.

'Students will perform calculations iﬂ problem session, so tables with -
comfortable ‘chairs will DPe needed. Students should not be crowded td-
gether,‘as it would interfere with their use of the coursezmanual and
workBook to solve class problems and take notes. ¢ -
Projection slides-will be used to illustrate.lectures, S0 proper pro-
jection equipment, screen,'and room darkening will be required. The
students will be referring to particular materials in their manuals

'during the lectqres, so at feast some partial-lighting may be required,

// _ even while the slideg are being shown. A chalkboard large enough to B '
present computational problem solutions also will be needed. -]\\‘ ’
Checklist'of Activities for Presenting the Course — The following chebk-

‘1list will serve as a guide to assure cohsideration of special items:- .’
. . i . v . N
'1. Pre-Course Responsibilities:

)

v

&. Reserve and confirm classroom, @dAncluding s ze, "set-up,"
location, and costs (if any). . -

S .,..'..__._...,,--.'_:"'-...,.,-: . ..‘ gt LB e e o .
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On-Site Course Responsibflities!

a.

contact, and confirm all faculty (speakers) for the
Forward materials to them.

Select,
course.

Reserve hotel accommodations for faculty (if needed).
for food services (i.e., coffee breaks, water, etc.)

Arrange

RevieJ‘and modify program curricula to recognize regional
interest, based on assessment of need. .

Prepare and reproduce final ("rez}sed" if appropriate) copy
of the agenda. '
Reproduce final registration roster. ¢

Q@

. ~
Prepare name badges and name "tents" for atudents and faculty.

Idenfify, order, and confirm all A-V efluipment needed.

Obtain sufficient copies of EPA Student Manuals, Wbrkbooks,
Pre-Test, and Post-Test. ,

Pack and ship supplies and materials to the course location o«
prior to beginning of course (1f appropriate).

N . .

/ _
Deté&mini and check on final room arrangements (ize., tables,
chairs, lectern, water, cups, etc.). o,

k]

Set up A-V equipment required each day and brief operator (if
supplied)

)

Alert receptionist, watchmen, etc., of name, location, and

schedule of the program.

Set up and handle final registration check-in procedures.

Conduct a new speaker (s) briefing session on a daily basis.

Verify and make final coffee arrangements (where appropri-
ate).

Make a final check on arrival of guest/;peakérs (instructors)
for the day. . -

Collect student evaluation'éritiques at the end of the céursé.

. Award certificates on last day of course.

17
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'3.. Post-Course Responsibilities

a. Request expense statements from faculty; order and process

checks. ' '
b. Write thank-you letters and send chk@cks to paid faculty.
. LY
. . c. Write thank-you letters to non-paid guest spegkers.
d. Prepare evaluatlon on each course (includang instructors,
. ) content," facilitles, etc.) .
) !
. e.\gﬁke sure A-V equipment is returned.
\
P ' f. ﬁeturn unused materials to the appropriate office.
~ I. LIST OF TEXTS AND OTHER HANDOUT MATERIALS
The following lesson materials should be available for each student tak-
- ing the course:
. A ) . L
) ~/ 1. Course Manual: Combustiop Evaluation in Air Pollution Control %Q
-\ \

J. T. Beard, F. A. Iachetta, and L. U. Lilleleht.

P
2. Workbook for.Combustion Evaluation in Air Pollution Control by

‘ ‘ J. T Beard, F. A. Tachetta, and L. U. Lilleleht. - /
. . ' . e

3. Pre-Test o e

4. Pg§t\Test :
5. Final Registration Roster
6. -Student éritique'Sheets

7. Course Certificates

3. PRE-TEST AND pos‘r-'rns'r

Y

The Pre-Test and the Post- Tbst are found as part of Lesson Plan 31..
Answers to each are provided.

18




K. CLASS YROBLEMS AND HOMEWORK ASSIGNMENTS "

The class problems for Problem Sessions I through VI gre found in the
Workbook in Chapters I through VI, respectively. AngZers to the prob-
lems are found as part of Lesson Plans 7, 10, 12, 14, 21, and 24.

i

.
’

L. MASTER LIST OF SLIDES (Pages 20 through 38)

3

XN

M. LESSON PLANS/;dﬁ_EACH AGENDA ITEM

E4

- AR . . . .
The detailed lesson plans for each agenda item follow--the master list

‘of slides. .
» /~ \"
, .
2
) P \'
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[ SLIDE, NUMBER* TITLE OF SLIDE

—

‘ . .’.
IBSSON 1: INTRODUCTION TO COMBUSTION EVALUATION IN AIR
- POLLUTION CONTROL
427-1-1 GOALS — |
427-1-2 COURSE WILL EMPHASIZF.
427-1-3 FUEL BURNING SQURCES | '
» /, . : : . 7
© 427-1-4 .| coMBUSTION OF WASTE MATERIALS
 427-1-5 | ATR POLLUTION EMISSIONS CONTROLLED BY COMBUSTION
LY o "..
427-1-6 AT THE CONCMUSION OF THE COURSE -

kS

FUNDAMENTALS OF COMBUSTION iT - BASIC CHEMISTRY

LESSON 2;
427-2-1 |  FUNDAMENTALS OF COMBUSTION
427-2-2 _GENERAL COMBUSTION REACTION | .
427-2-3 ,"T;;EE T'S OF COMBUSTION E
427-2-4 > ' ICOMPLETE CQMBUSTION
427-2-5 THEORETICAL AIR FOR COMPLETE COMBUSTION
427;2;O'  FLAMMABILITY LIMITS OF COMBUSTIBLE VAPORS IN AIR
;427fé—7 STANDARD CONDITIONS .1[)-
427-2-8 TDEAL'(PERFEéTj'Oaé'TAg o
427-2-9 .CHARLEg;jANﬁ.BOYLE'S tAWS.- | ) -
427-2-10 SELECTED RTAOTTONO 1% COMBUSTION SEQUENCE
427-2-11 :CAkaNiC THEORY ‘
212 | HYDROXYLATION THEORY |
w27-2-13 ' YELLOW FLAME
_427-2—;4,1 | | BLUE FLAME - | S T )
427-2215" .» ;’I}AH INJECTION TO YELLOW FLAME Y .




SLIDE NUMBER TITLE OF SLIDE
- , LESSON 3: FUNDAMENTALS OF COMBUSTION TI - THERMOCHEMICAL
a ' RELATIONSHIPS - B

427-3-1 (GROSS HEATING VALUE .Jr ’

azf;sz_ |NET HEATING VALUE .

427-3-3 ADIABATIC STEADY STATE HEAT BALANCEl-

427-3-4 HEAT BALANCE ACROSS SYSTEM BOUNDARY WITHOUT HEAT LOSS .
\<?7~3-5 GENERALIZED COMPARISON_OF PURE HYDROCARBON FUELS IN

N COMPLETE COMBUSTION

, |

427-3-6 AVAILABLE HEATS FRO SOME TYPICAL FUELS )
427-3-1 AVAILABLE HEATS WITH EXCESS AIR

427-3-8 FURNACE'LOSSES |

427-529 SUMMARY OF HEAT BALANCE TERMS

. .
. 'LESSON 4: FILM: 3 T's oF COMBUSTION (NO_ SLIDES REQUIRED)

" LESSON 5: REACTION KINETICS , ;
427-5-1 CHEMICAL REACTION RATES

427-5-2 EQUILIBRIUM' CONDITIONS

*427-5-3 'TRANSITION STATE CONCEPT
) 427-5-4 TEMPERATURE EFFECT ON REACTION RATE 1

427-5-5 TYPICAL CATALYSTSiAND THEIR SUPPORTS A

427-5-6 STEPS IN CATALYTIC REACTION SEQUENCE

427-5-7 SCHEMATIC OF 'THE CATALYTIC REACTION SEQUENCE

427-5-8 ARRHENIUS PLOT WITH AND WITHOUT CATALYST

427-5-9 DETERIORATION OF PLATINUM CATALYTIC ACTIVITY

e




SLIDE NUMBER . TITLE OF SLIDE »
LESSON 6: FUEL PROPERTIES
427-G-1 GASEOUS FUELS HAVE RATE OF CQMBUSTION
427-6-2 HIGHER HEATING VALUF,
427-6-3 LOWER HEATING VALUE
427-6~4 APT GRAVITY - -
4
427-8-5 APPROXIMATE VISCOSITY OF FUEL OIL
427~6-6 PROXIMATE ANALYSIS OF SELECTED COAL
427-6-7 ULTIMATE ANALYSIS OF SELECTED COAL (AS RECEIVED)
N\
' 427-6-8 ULTIMATE ANALYSIS OF SELECTED COAL (DRY BASIS)
427-6-9" SELECTED SIZE DISTRIBUTION AND MOISTURE OF HOGGED FUELS
LESSON 7: 'PROBLEM SESSION I (No slides required)
b . :
. LESSON 8: REVIEW OF HOMEWORK XNo slides required)
- LESSON 9: ‘COMBUSTION SYSTEMS DESIGN !{
- g’ = B
427-9-1 FURNACE DESIGN CONSIDERATIONS -
427-9-2 SYSTEM ENERGY DISTRIBUTION
427-9-3 STEAM GENERATOR ENERGY DISTRIBUTION
427-9-4 ENERGY DISTRIBUTION }
LESSON 10: -~  PROBLEM SESSION II (No slides required) >
Y
’ h Y\\

22



SLIDE NUMBER TITLE OF SLIDE
i 4
LESSON 11: POLLUTION EMIWSIONS — CALCULATLONS 1
427-11-1 NOMENCLATURE OF STANDARDS:
427-11-2 C_.» MASS STANDARD
427-11-3 POLLUTANT MASS RATE STANDARD
427-11-4 PROCESS STANDARD
427-11-5 EMISSION FACTORS FOR FUEL OIL COMBUSTION
7 427-11-6 EMISSION FACTORS FOR NATURAL GAS COMBUSTION
427-11-7 $0,, EMISSION ESTIMATE;‘GIVEN:
427-11-8 EMISSION ESTIMATE FROM BASIC CHEMISTRY
427-11-9 EMISSION CALCUiATION ;
427-11-10 RECOMPUTATION WITH EMISSION FACTOR
427-11-11 PROCESS EMISSION )
427-11-12 UNCONTROLLED PARTICULATE FMISSION ESTIMATE
427-11-13 FRAC;IONAL COLLECTIONAL EFFICIENCIES OF PARTICULATE
CONTROL EQUIPMENT
LESSON 12: PROBLEM SESSION III (No.slides required)
i
N
’
, l
ra ‘ .
° g

>
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SLIDE NUMBER ) TITLE OF SLIDE
LESSON 13: POLLUTION EMISS1ON CALCULATIONS 11
" 427-13-1 ’ 1:;3 VOLJ&E‘CORRECEIONS
427-13+2 GAS CORRECTIONS FOR CONCENTRATION
427-13-3 .. GAS CORRECTIONS FOR DENSITY
427-13-4 ™ EXCESS TR CORRECTIONS ,
) 427-13-5 * CORRECTIONS TO 50% EXCESS AIR
427-13-6 CORRECTIONS TO 12% CO,
427-13-7 CORRECTIONS TO 6% O,
427-13-8 EXCESS AIR PERCENT e
427-13-9 ~ EXAMPLE WITHOUT EXCESS AIR §
427-13-10 EXAMPLE WITH EXCESS AIR
427-13~11 EXCESS AIR FROM ORSAT ANALYSIS
427-13-12 SAMPLE OF ORSAT DATA APPLICATION -
427-13-13 CALCULATE .% EXCESS AIR
427-13-14 EXAMPLE PROCESS EMISSION STANDARD
427-13-15 DEFINITION OF AN "E" STANDARD PROBLEM
427-13-16 - SOLUTHGN OF SAMPLE "E" PROBLEM
427-13-17 ALLOWAB%E EMISSION -
427-13-18 ACTUAL PARTICULATE RATE
427-13-19 F-FACTOR CONCEPT =
-, 427-f3720' EMISSION IN TERMS OF F-FACTOR |
- 427-13-21 EQUATIONS FOR F_ FACTOR
427-13-22 EQUATION FOR F_ FACTOR
| 427-13-23 | TABLE OF F-FACTORS

.j: } . . -. | o  '. ; 2§ . (3()I
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SLIDE NUMBER TITLE OF SLIDE
' LESSON 14: PROBLEM SESSION IV (No slides required)
| LESSON 15: INTRODUCTION TO COMBUSTION CONTROL
427-15-1 SCHEMATIC OF STEAM-FLOW ORTFICE STATTON
427-15-2 ACTUAL STEAM-FLOW ORIFICE STATION
427215-3 STEAM-FLOW DIFFERENTIAL SENSING AND TRANSFER UNIT
427-15-4 AUTOMATIC FORCED-DRAFT FAN INLET LOUVER CONTRG.
427-15-5 AUTOMATIC GAS-FLQw CONTROL VALVE
427-15-6 DIAGRAM o;'A COMBUSTION CONTROL FOR A SPREADER-STOKER
FIRED BOILER
) 427-15-17 DIAGRAM OF A COMBUSTION CONTROL FOR A GAS— AND OTL-FIRED
' BOILER ’
N 427-15-8 DIAGRAM.OF A COMBUSTION CONTROL FOR A PULVERIZED-COAL
FIRED BOILER
427-15-9 DIAGRAM OF A COMBUSTION CONTROL FOR A CYCLONE-FIRED BOILER
. t { : , YL .
SRR LESSON 16:, COMBUSTION INSTALLATION'INSTRUMENTATION
427-16-1 STEAM-FLOW AIR-FLOW METER AND CHART
' 427-16-2 DRAFT GUAGES ON SPREADER STOKER-FIRED BoiLER INSTRUMENT
PANEL _ ) AN \
427-16-3 . GAS AND WATER TEMPERATURES OF ECONOMIZER
4275164 " INSTRUMENT PANEL WITH REMOTE STACK SMOKE INDICATOR
427-16-5 SKETCH, OF REMOTE STACK SMOKE INDICATOR
427-16-6 RANEREX CONTINUOUS CO, METER !
427-16-7 _TYPICAL O, READINGS
. 427-16-8 TYPICAL CO, READINGS
— 427-16-9 ° _EFngT_QF.EXCéSS_AIR (FLUE-GAS'COZ) ON COMBUSTION EFFICIENC}

 427-16-10

“IMPROVED EFFICIENCY CASCADE

" ‘25
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SLIDE NUMBER

”_mu OF SLIDE

427-17-1
427-17-2
427-17-3
427-17-4
427-17-5
427-17-6
427-17-7
4274178
427-17-9

427-17-10

LESSON 17: GASEOUS FUEL BURNING

~

BLUE FLAME -

/
YELLOW FLAME

\

ATMOSPHERIC BURNERS - FLAME STABILITY

S : :
ATMOSPHERIC PREMIX TYPE GAS BURNER

MULTI-FUEL OIL GASIFYING BURNER

FURNACE HEAT RELFASE RATE

COMPARITIVE FURNACE SIZES

TYPICAL BREECHING AND STACK CONDITIONS
-

VELOCITY IN CONVECTIVE SECTION

FLUE GAS ANALYSIS

i

26




SLIDE NUMBER

TITLE OF SLIDE

LESSON 18: FUEL Ol BURNING

427-18-1 PURPOSE OF FUEL OIL BURNING |
427-18-2 REQUIREMENTS FOR COMPLETE CoMBUSTTON
427-18-3 MODE OF COMBUSTION OF FUEL OTL DROPLETS
427-18-4 * APPROXIMATE VISCOSITY OF FUEL OILS
427-18-5 TYPIGAL EXCESS AIR LEVELS
427-18-6 VOLUMETRIC HEAT RELEASE RATES AND" RESIDENCE TIMES
427-18-7 ' SCOTCH-MARINE BOILER
427-18-8 INTEGRAL FURNACE BOILER
427-18-9 WATER WALL TUBES
427-18-10 WATER WpLL TUBES ~ !
" 427-18-11 INTEGRAL FURNACE BOILER, TYPE D ' -
427-18-12 VERTICALLY-FIRED OIL BURNING FURNACE
427-18-13 TEMPERATURES IN BOTLER OF PREVIOUS SLIDE |
427-18-14 BOTLER, TANGENTIALLY FIRED X
. 427-18-15 WATER-WALL FURNACE CROSS SECTION (TANGENTIALLY FIRED) *
427-18-16 ATOMIZING CHARACTERISTICS OF DIFFERENT BURNERS °
427-18-17 ROTARY CUP BURNER
| 427-18-18 HIGH-PRESSURE ATOMIZER (DOMESTIC)
427-18-19 LOW-PRESSURE AIR ATOMIZER \
427-18-20 LOW-PRESSURE AIN ATOMIZER SKETCH \ of
427-18-21 LOW-PRESSURE AIR ATOMIZER MOUNTED IN COMMERCIAL FURNACE
' 427-18522 TANGENTIAL SWIRL NOZZLES B f
427-18-23 SWI#L DEVICE FOR SECONDARY AIR
N \ =
. \



SLIDE NUMBER

TITLE OF SLIDE

.,

LESSON 18: FUEL OIL BURNING, continued

427-18-24 HIGH-PRESSURE ATOMIZER
427-18-25 MECHANICAL ATOMIZATION (WITH RETURN FLOW, SPILL BACK)
427-18-26, EXAMPLES OF RETURN FLOW HIGH AND LOW FIRE
427-18-27 STFAM ATOMIZING (INTERNAL MIX)
427-18-28 STEAM ATOMIZING (INTERNAL MIX)
427-18-29 INTERNAL MIX STEAM ATOMIZING NOZZLE
"427-18-30 INTERNAL MIX STEAM ATOMIZING NOZZLE
427-18-31 INTERNAL MIX STEAM ATOMIZING NOZZLE
427-18-32 STEAM OR AIR ATOMIZING BURNER (EXTERNAL MIX)
427-18-33 INFLUENCE OF DRAFT - CASE HISTORY
427-18-34 SMOKE - COZNCHARACTERISTICS

.‘.“ Y o

i ¢

L} )“
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SLIDE NUMBER

TITLE OF SLIDE

427-20-1
427-20-2
427-20-3

427-20-4
427-20-5

\427-20-6
427-20-7
427-20-8

427-20-9

e BT T

427-20-10
427-20-11
427-20-12
422-26—13

427-20-14

»

~

—

)

LESSON 19: FILM - "COMBUSTION FOR CONTROL OF GASEOUS

EMISSIONS" (No slides required) . o

LESSON 20: DIRECT FLAME AND CATALYTIC INCINERATION

. CATALYTIC AFTERBURNER SCHEMATIC

CONTROL OF OBJECTIONABLE GASES AND VAPORS

COMBUSTION EQUIPMENT

DIRECT FLAME OXIDATION

COUPLED EFFECTS OF. TEMPERATURE AND TIME ON HYDROCARBON ::
OXIDATION RATE '

TYP’ICAL THERMAL AFTERBURNER EFFECTIVENESS FOR HYDROCARBON
AND CARBON MONOXIDE MIXTURES

INDUCED DRAFT FUME INCINERATOR

DIRECT-FLAME AFT ERBURNﬁR

OXIDATION TEMPERATURE

INDUSTRIAL APPLICATIONS OF CATALYTIC COMBUSTION~
TYPICAL CATALYSTS AND THEIR SUPPORTS

LOSS OF CATALYST ACTIVITY }

CATALYTIC INCINERATOR WITH RECYCLE AND HEAT ECONOMIZER

CERAMIC BED REGENERA%IVE-TYPE INCINERATOR AND HEAT
RECOVERY SYSTEM x ‘

]
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SLIDE NUMBER TITLE OF SLIDE
LESSON 21: PROBLEM SESSION V: (No slides required)
LESSON 22: COAL BURNING

427-22-1 COAL RESERVES -~ BILLIONS OF TONS

427-22-2 COAL SOURCE DISTRIBUTION -

427-22-3 COAL ANALYSIS

427-22-4 ' INFLUENCE OF FIXED CARBON AND VOLATILE MATTER ON FIRING
EQUIPMENT

427-22-5 CHAIN GRATE STOKER

427-22-6 VIBRATING GRATE STOKER

427- 22-7 | UNDERFEED SINGLE RETORT STOKER

- 427-22- -8 SECTION'THRU'UNDERFEED STOKER. S )

427-22-9 UNDULATING GRATE 'STOKER |

427-22-10 PULVERIZ?D COAL BURNER . K

427-22-11 MULTIFUEL, BURNER | d

427-22-12 SPWEADER?STOKER SéHEMATIC $ ‘

427-22-13 'SPREADER STOKER

427-22-14 CYCLONE. FURNACE

427-22-15 PULVERIZED COAL~FIRED BOILER

427-22-16 | CYCLONE FURNACE

427-22-17 BOILER WITH CYCLONE FURNACE ,

427-22-18 COMBUSTION AIR - THEORETICAL = . ¥

427-22-19 COMBUSTION AR - GIVEN ULTIMATE ANALYSIS

427-22-20 EFFECT oF COAL FI&iNG RAEE AND SIZE CONSIST

427-22-21 EFFECT OF EXCESS AIR (FLUE GAS coz) ON COMBUSTION

_ EFFICIE‘NCY -

o " - \_
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SLIDE NUMBER

|
TITLEJOF SLIDE

427-23-1
427-23-2
427-23-3
427-2;)4
427-23-5
427-23-6
427~23=7
427-23-8
427-23-9
427-23-10

427-23-11

427-23-12

427-23-13
427-23-14
427-23-15
427-23-16
427-23-17

427-23-18

427-23-19

' 427-23-20

1 427-23-21

427-23-22

LESSON 23:  SOLID WASTE ANI} WOOD_BURNING

AVERAGE COMPOSITION OF MUNICIPAL WASTE
i

AVERAGE‘]LTIMATE ANALYSIS ’
h

WASTE IN AN INCINERATOR STORACE
HOG FUEL STORAGE PILE \

CLARIFIER SLUDCE

ULTIMATE ANALYSIS‘DF DRY HOGGED FUEL

SIZE AND MOISTU&ETQPNTENT OF HOGGED FUEL COMPONENTS

HEATING VALUES OF BARK AND WOOD

HIGHER HEAT VALUE OF MUNICIPAL yASTE COMPONENTS
FLOW CHART - REFRACTORY WALL INCINERATOR

CHAIN GRATE

. RECIPROCATING GRATES . .

REVERSE RECIPROCATING GRATE

ﬁRsTE—FIRED BOILER WITH BARREL GRATE

i

PIAGRAM OF ATR-SWEPT SPREADER STOKER NOZZLE
AIR-SWEPT SPREADER ON WOOD-FIRED BOILER

ENERGY RELEASE RATES - SOLID WASTE AND WOOD WASTES
HARRISBURG INCINERATOR

SOLID WASTE BOILER WITH RECIPROCATING GRATES

DU{SH OVEN FIRED BOTLER

FUEL CELL FIRED W0OD WASTE BOILER

INCLINED“GRATE WOOD WASTE BOILER N

LESSON 24: - PROBLEM SESSION VI (No slides required)




SLIDE NUMBER

TITLE OF SLIDE

427-25-1
427-25-2
427-25-3
427-25-4
427-25-5
427-25-6
427-25-7
427-25-8
427-25-9
427-25-10
427-25-11
427-25-12
427-25-13
427-25-14
427-25-15

' 427-25-16
427-25-17
427-25-18

427-25-19

427-25-20
427-25-21
427-25-22

427-25-23

LESSON 25: . CONTROLLED AIR INCINERATOR

AVERAGE PMISSION FACTORS FOR REFUSE COMBUSTION

FLUE FED SINGLE CHAMBER INCINERATOR

APARTMENT HOUSE INCINERATOR WITH SEPARATE STORAGE BIN
MULTIPLE-CHAMBER RETORT INCINERATOR |
MULTIPLE-CHAMBER IN-LINE INCINERATOR
MULTIPLE-CHAMBER IN-LINE INCINERATOR

CONTROLLED ATR -INCIHERATOR

CONTROLLED PROPORTIONATE AIR DISTRIBUTION

AIR DELIVERY BLOWER .

P CHAMBER PRODUCES VOLATILE GASES

SECONDARY CHAMBER

TEMPERATURE CONTROLLER | . 1=§

RELATIVE SIZE OF PRIMARY AND SECONDARY cnlunzxééf.?
FACTORY MANUFACTURED | . | :
MODULAR UNIT AT MUNICIPAL FACILITY

CHARGING OF AUTOMATIC nzp' HOPPER

ASH REMOVAL DOORS

AUXILIARY FUEL BURNER

MULTIPLE AUXILIARY BURNERS FOR PRIMARY. CHANBER OF PATHORO-
GICAL WASTE INCINERATOR M

|CONPACT WASTE CHARGE

CHARGING WITH OPEN DOOR

MODIFY CONTROLLER TEMPERATURE SETTING .= °

DAMAGED REFRACTORY AND UNDERFIRE AIR PIPE

= e

L427-25-24

P
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SLIDE NUMBER TITLE OF SLIDE
[}

427-25-25 INCINERATOR WITH STEAM GENERATION
427-25-26 INCINERATOR WITH CONTINUOUS FEED AND ASH REMOVAL

LESSON 26: COMBUSTION OF HAZARDOUS WASTE
427-26-1 COMPARISON OF THERMAL DESTRUCTION OF PESTICIDES AND

.PCB's
427-26-2 THERMAL DESTRUCTION ZONES FOR VARIOUS PESTICIDES
427-26~-3 SUBMERGED-COMBUSTION INCINERATOR S
427-26-4 XEPONE INCINERATION TEST SYSTEM ,
427-26-5 ROTARY KILN INCINERATOR %
427-26-6 FLUIDIZED-BED INCINERATOR SCHEMATIC

“ {
b
Py

33
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SLIDE NUMBER

v

427-27-1

427-27-2

427-27-3

427-27-4
427-27-5
427-27-6
427-27-17
427-27-8
427—27-§
427-27-10

" 427-27-11

427-27-12.

427-27-13
427-27-14
427-27-15
427-27-16
427~27-17

427-27-18

427-27-19

427-27-2Q -

TITLE OF SLIDE
LESSbN 27: Nox CONTROL THEORY
SUMMARY OF 1974 STATIONARY SOURCE NO, EMISSIONS ' \‘,

X
ANNUAL NATIONWIDE &OX EMISSION PROJECTIONS TO 2000
EXAMPLE OF TRANSIENT SMOG CONDITIONS IN LOS ANGELES, CA
EXAMPLE OF EXPERIMENTAL SMOG CHAMBER DATA
GE&ERALIZED PHOTOCHEMICAL REACTIONS
GENERALIZED‘PHOTbCHEMICAL REACTIONS (CONTiNUED)
THERMAL NOx FORMATION:
THERMAL NO

CLASSICAL CHEMICAL MODE],

FORMATION: SIMPLIFIED MODEL

X

THEORETICAL CURVES FOR NO CONCENTRATIONS VS. TEMPERATURE
f -

EFFECT OF LOW EXCESS AIR, OIL FUEL

TWO-STAGE COMBUSTION

'EFFECT OF BURNER STOICHIOMETRY ON NO_, COAL COMBUSTION

x?
- NOy REDUCTION BY FLUE GAS RECIRCULATION
EFFECT OF FGR ON NO EMISSIONS
_ EFFECTS op"rio-x coﬁTROL METHODS
RANGE-OF UNCONTROLLED UTILITY BOILER NO, EMISSIONS
EFFECT b PRING METHOD, OIL FUEL,

“NO, EMISSIONS WITH WATER Ingggjibu FOR NATURAL GAS-FIRED
GAS TURBINE

EFFECT OF TEMPERATURE ON NO REDUCTION WITH AMMONIA
INJECTION

?54_.‘ . 10

TWO~S8TAGE COMBUSTION, OIL FUEL o &




SLIDE NUMBER

TITLE OF SLIDE

427-28-1
427-28-2
. .
42¢-28-3
427-28-4
427-28-5
427-28-6
427-28-7
427-28-8
427-28-9
427-28-10
427-28-11
427-28-12
427-28-13
427-28-14
427228-15
427-28-16
427-28-17
427;28—18

427-28-19

427-28-20

427;28-21°

. INFLUENCE OF AIR PREHEAT ON NO

/-’ @ LESSON 28: 1IMPROVED PERFORMANCE BY COMBUSTION

MODIFICATION

SMOKE—-CO2 PLOT FOR RESIDENTIAL OIl, ‘BURNERS

"LOWEST PRACTICAL C02", RESIDENTIAL BURNERS

EFFECT OF STACK TEMPERATURE AND CO

2
USUAL RANGE OF VISCOSITY FOR OIL FIRING .

ON THERMAL EFFICIENCY

SMOKE—CO2 CURVE FOR COMMERCIAL RESIDUAL OIL FIRED BURNER

MAXTMUM DESIRABLE BACHARACH SMOKE NUMBER

.PERCENT CO2 IN FLUE GAS AS FUNCTION OF EXCESS AIR
N

. W, o
BOILER EFFICIENCY LOSS CHANGE WITH EXCESS 02

SMOKE-O2 CURVE FOR COAL OR OIL-FIRED INDUSTRIAL BOILER

CO-O2 CURVE FOR GAS-FIRED INDUSTRIAL BOILER

oy

EFFECT OF EXCESS 0., ON NO, EMISSIONS

2 X
TYPICAL RANGE OF MINIMUM EXCESS 02 AT HIGH FIRING RATES

EFFECT OF REDUCING THE EXCESS .AIR ON BOILER EFFICIENCY
STAGED AIR EXPERIMENTAL WATER TUBE BOILER, TOP VIEW
STAGED AIR EXPERIMENTAL WATER TUBE BOILER; SIDE VIEW

REDUCTIOF OF TOTAL NO,.BY STAGED AIR WITH NATURAL GAS FUEL

X
REDUCTION OF TOTAL NO, BY STAGED AIR WITH NO. 6 FUEL OIL,
EFFECT OF NO, PORTS ON BOILER EFﬁIENCY

L}

X
EFFECT OF COMBUSTION AIR TEMPERATURE ON NO4 WITH OIL
AND GAS - | ' . S

X

EFFECT OF COMBUSTION AIR PREHEAT ON BOILER_EFFICIENCY

. ’

35 .. . R "_ ' {-
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* 427-28-25

427-28-26

427-28-27

SLIDENUMBER TITLE OF SLIDE
% LESSON 28' IMPROYEQ*KEBFORMANCP BY COMBUSTION
MODIFICATION, confinued
427-28-22 - REDUCTION IN NOx BY FLUE GAS RECIRCULATION
427-28-23 NOx FROM GAS, TANGENTIALLY-FIRED UTILITY. BOILERS
427-28—24

EFFFCTS OF NOx CONTROL METHODS ON A GAS, WALL-FIRED
UTILITY BOILER

- -EFFECT OF NO, CONTROL METHODS ON: AN OIL, WALL—FIRED
UTYLITY BOILER

"NOx FROM RESIDUAL OIL, TANGENTIALLY-;}RED UTILITY BOILERS

EFFECT OF BURNER STOICHIOMETRY ON NOx IN TANGENTIAL,

» COAL—FIRED BOILERS




SLIDE NUMBER TITLE OF SLIDE
LESSON 29: WASTE GAS FLARES | .
427-29-1 GAS PROPERTIES RE-FLARES
427-29-2 GAS PROPERTIES RE-FLARING
427-29-3 SMOKE TENDENCIES, 'ACETYLENE
_ .
427-29-4 SMOKE TENDENCIES, PROPANE
427-29-5 SMOKE TENDENCIES, ETHANE
427-29-6 SMOKE TENDENCIES, H/C 3xp.28d3 o
427-29-7 WATER-GAS. REACTTIONS -
. .
427-29-8 'STEAM REQUIREMENTS FOR SMOKELESS FLARE
427—24t9 ~ JOHN ZINK SMOKELESS FLARE TIP
427-29-10 CROSS 'SECTION OF A SMOKELESS FLARE BURNER
427-29-1% :ELARE TIP WITH INTERNAL STEAM INJECTION
427-29-12 SINCLAIR FLARE BURNER
427-29-13 ESSO\E&?E BURNER
427-29-14 MULTISTREAM-JET BURNER' .
427-29-15 MULTIJET-GROUND FLARE
427-29-16 VENTURI-TYPE FLARE
,)p27-29-i7 WATER SPRAYITYgE GROUND FLARE | -
427-29-18 NUMBER OF PTLOTS REQUIRED | .
.

\37




TITLE OF SLIDE

SLIDE NUMBER
LESSON 30: MUNICIPAL SEWAGE SLUDGE INCINERATION
427-30-1 - TYPICALGSECTION OF A MULTIPLE-HEARTH SLUDGE INCINERATOR
427-30-2 MULTIPLE-HEARTH FURNACE FOR INCINERATING MUNICIPAL
SEWAGE SLUDGE '
427-30-3 SINGLE HEARTH SLUDGE FURNACE .
427-30-4 FUNDAMENTALS OF FLUIDIZED INCINERATION
\
Lt 7
L .
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LESSON PLAN.

Introduction to Combust ion
Evaluation in Air Pollution,
Control

COURSE 427, Combustion Fvaluation

LESSON TIME: 30 min.
PREPARED BY: DATE

™ n

J. T. Beard Aug. 1978

Lesson Number: 1

Lesson Goal: The goal of this 1esson is to familiarize the student with the goals
and emphases of "Combustion Evaluation in Air Pollution Condyrol."

Lesson Obj _tives: At the end of this lessgn the student will be able to:

identify three major goals of Combustion Evaluation in hir Pollution Control;

1ist four of the subject areas which will be emphasized in the course
(fundamentals of combustion, fuel properties, combustion system design,
emigssion calculations, various combustion equipment topics, NOy control);

present two reasons for aﬁﬂ&ying the fundamenta}gconcepts of combustion
when solving combustion evaluation problems in air pollution control;

list four of the maPerials burned as a fuel which are to be considered in the
course; '

L}

list three waste materials which may be disposed of'through combustion; a
\
list three of the important air pollutant emi551ons which may be limited
by combustion control. - .
Student)Prerequisite Skills: Aixn Pollution Training Institute Course 452 or
equivalent experience, and one of the following: college level training
in physical science engineering, or mathematics. L

-
]

" Level of Instruction- Undergraduate engineering‘or equivalent.

a

Intended Student Professional Backgrounds: Engineers, technical staff, regula-
: tory officials, and others who work in combustion-related areas of air
T _pollution control. .

Support Materials and Equipment: : . (ﬂf‘
1.  Slide projector / ) N
;. : . - . . . QZ
T . 7 2.. Slide set for Lesson 1. |, - , . '
| ‘.3' i e r . ; . ooy . ) Lo o
v ; _Speciai,InstructiOns: None y - : o - R

. _\) ,-“- ‘. | . .. . .. -_ . ‘5 . 1—1 . 45 | ) R .‘ v \




References: A

1. &mbmtion Evaluation in Air Pollution Control, Chapter 1.

7.
\



SLIDE NUMBER TITLE OF SLIDFE
)
LESSON 1: INTRODUCTION TO COMBUSTION EVALUATION IN AIR
POLLUTION CONTROL
427-1-1 éoan
- 427-1-2 COURSE WILL EMPHASIZE : ’
427-1-3 FUEL BURNING SOURCES '
427-1-4 COMBUSTION OF WASTE MATERIALS ‘
427-1-5 AIR EOLLUTION.EMISSIONS CONTROLLED BY COMBUSTION
427-1-6 AT THE_CONCLUSIO& OF THE COURSE
\
, )

U




Course - d 427, Combustion Evaluation

&

I.\’xl ’

e iy

II.

NLecture Title. Iné‘x;:cligggigg to~Combustipn ‘2, v
. A
K\
IntrQduction
A. Introduce coursde moderator and lecturerﬂ
B. Discuss the jobs in control agencies and in industry
where knowledge from this course would be useful
C. Present the procedures to be used In the course
1. Refer students to the course agenda, student manual,
' and workbook
2. Advise students on their mode of participation in
the course:
3. Invite students to express their interest in certain
' sub}ects of the coursgg
4. Describe the method .taking the pre-test and post-
- test .
5. Emphasize the importance of completing the daily
homework assignments N
6. Mention the criteria for awarding the course cer-
tificate and CEU's
D. Provide information about lunch and coffee breaks,
transportation, restrooms, .etc.
Course Goals ’
A. Goals are to provide participants with knowledge of:
1. Fundamental aspects of combustion
2. Applied aspects of combustion
3. oOverview of the state-of-the art
B. Basic concepts of combustion .
l. Dpefinition and purpose of combustion
2. Factors affecting completeness of combustion
a. Sufficient oxygen
b. Three T's of combustion ’
3. Consequences of poor combustion
a. Smoke and other particulates
b. Carbon monoxide and other partially oxidized
hydrocarbons
c. Odor :
C. Give examples relating fundamental concepts
to applied air pollution problems
1. Fuel oil viscosity (which varies with temperature)
influences droplet atomization size which could
be too large for complete combustion in a given
situation
2. NOy formation may be reduced by limiting the amount
of excess air
D. State that emphasis will be placed on:

2. Evaluation of pollution emissidns
3. Pactorgs to consider for reduced emissions
a. Good equipment dpsign
b. Proper installation B 2
: ' Good operating practices and maintenance program
4.’ Corrqctiva action for malfunctioning equipment

\

1. Fundamental combustion calcu1a§:ons

I/

/

™

Slide 427-1-1

s

Slide 427-1-2
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CONTENT. OUTLINE &}

4, A
A prot?

427, Combustion Evaluation
Introduction to

Symbustion
on
7

Course:
Lecture T/tle:

A

Page O of

NOTES

-

-

I11. Distinguish between the content of this course and
\\_ courses in gaseous and particulate emissions i
' Course will emphasize cofmonly encountered

. A.
: 1. Fuel combustion sources
a. Major stationary sources burning natural gas
b. Commercial, industrial, and utility squrces
burning fuel oil
c. 1Industrial and utility sources burning coal
d. Industrial sources burning woode (hog fuel)
e. Special sources burning municipal solid waste
Combustion devices r controlLing’waste gases
a. Catalytic incingtation _ .
b. Direct flame incineration
c. Flares (as an optiongal topic)
3. Combustible waste materi
a. Various chemical and ardous wastes .
b. Garbage (municipaifsolid wastes) .
c. 1Industrial waste gas streams containing con-
. bustible hydrocarbon and other gases
. d. Municipal sewage sludge (optional topic)
B.  Course will not emphasize flue gas control of:
‘ 1.. Particulates (covered in Course No.' 412))
2. Sulfur oxides (vovered iy Course No. 415) ’ }
C. Air pollytants reduced by properly con-
trolled combustié¢n are: v
1. Carbon mono
2. Hydrqcarbonxihse
» 3. ‘Nitric oxides
4. Combustible particulates resulting from incomplete
\ oxidation
5. ~incombustible particulates resulting from entnain—
ment by high-velocity gases
Course Objectives

[y

A. Refer to list of objecyives for each topic of the
course (found in Chapyer 1) ™
B. Summarize the objecgives for the participants

Familiarity wifh/combustion principles
Ability to perdform calculations to determine quantities
of emissions and the requirements for complete com-

bustion .
Ability tO state important mechanisms in the formation

*of certain air pollution emissions

Ability to understand and apply the important combus-
tion design and ope ional parameters in order to make
‘reconmendations £ improved air pollution coptrol

~ .
& .

1-
2.

3.

4.

‘Slide 427-1-13

Slide 427-1-4

-8lide 427~-1-5
-«

L%

Slide 427+1-6
/‘
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LESSON PLAN

TOPIC: Fundamentals of Combustion 1~

{ Basic Chemistry

v COURSE- 427, Combustion Evaluation
LESSON TIWmt- 5Q min.
EPARED BY . DATE

L."U. Lilleleht Aug. 1978
f

Lesson Number: 2 - N e : . . A

Lesson Goal: The goal of this lesson is to provide a review of the fundamental
theqry of chemical reactions as is related to combustion evalugtion in air

) llution control. _ - ) _ } \
f » * 7_//‘
Lesson Objectives: At the end of this lesson the student will be able to:

——T

. . '1'

use‘the basic chemical equations for combustion reactions, with or without
excess air, to calculate air requi¥ements and amounts of cohbuipion S
products; ; : ) '

j\\<._;,/_ apply the ideal gas law to determine volumetric ‘relationships for typical
' combustion situations; 4 .
w' .\V) . T distinguish between-differént types of combustion as characterized by car-
bonic theory (yellow flame) and hydroxylation theory (blue} flate).

| _ Student Prerequisite Skills: First-level college chemistry, algebra, physics
Vo (heat). ' -

| Level of Instruction: -Undergraduate engineering or equiva}ent
g Intended Student Professional Backgroundg: Engineers, technical staff, regula-
| tory officials; and others who wor¥7in combustion-related areas of air’

) " pollution control.

i Support Materials and Equipment :

\“ “ ~.
: 1. Slide projector i o . .
Y - 2. S8lide set. for Lesson 2. . . &
\:- :

}-r : \Speciql-Instructions: None l _ )
#efer¢nceé¥ ; ' o ¢

A

1. Combustion Evaluation in Air Pollution Control, Chapter 2. (

b2, Steam, Its Generation and Use, 38th Edition, published by Babcock
and Wilcox Co.,- New York (1912)

1

: .N
i
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SLIDE NUMBER . TITLE OF SLIDE

/.‘

LESSQN 2: FUNDAMENTA.S OF COMBUSTION II - BASIC CHEMISTRY

427-2-1 FUNDAMENTALS OF COMBUSTION
427-2-2 " GENERAL COMBUSTION REACTION
427-2-3  THREE T'S OF COMBUSTION

. 427-2-4. -~ COMPLETE COMBUSTION ,
427-2-5 T!:lEORETICAL‘ AIR FOR COMPLETE COMBUSTION
427-3-6 - . FLAMMABILITY LIMITS OF COMBUSTIBLE VAPORS IN AIR .<:
427-2-7 "\ STANDARD CONDITIONS N | ~
427-2-8 IDEAL (PERFECT) GAS LAW |

" 427-2-9 " . CHARLES' AND BOYLE'S LAVS
427-2-10 *an'rﬁi REACTIONS IN COMBUSTION SEQUENCE |
427-2-11 . CARBONIC THEORY . -
‘ 427-2-12 .. HYDROXYLATION THEORY ‘
427-2-13 YELLOW FLAME .
‘ 421-2—14 BLUE FLAME - _ | R .

427-2-15 ' STEAM - INJECTION TO YELLOW FLAME




: | v

v
CONTENT OUTLINE "™, [t
‘g .
A ' "()]rlis;
. Course: 427, Combustiogn Evaluation M‘} —
Lecture Title: F“‘,;ﬂgg‘g“ggggiggr;"“‘b“‘“m“ I- 0 ppote®
I. Introduggion .
A. State the objectives of this legson Slide 427-2-1
B. Establish definitions and common terminology
- 1. Combustion: rapid chemical reaction ‘l~
e 2. Balancing general oxidation reaction Slide 427-2-2
- ' .- a. Concept of
b. Conversion from molar to mass or other bases 1
3. Requirements for complete combustion v : ; Blide 427-2-3
a. Oxygen .
b. Temperature, turbulence, time
. 1I. Determine the oxygen (air) requirements for combustion
A. Theoretical (stoichiometric) air requirements and Refer to Student
combustion products for ~ " Manual, p.2-23
1. Single component combustibles Slide 427-2-4
* 2. Mixtures of combustibles : 427-2-5
B. Effects of insufficient air ’
. 1. cCarbon (smoke, soot)

32. Carbon monoxide N
3. Partially oxidized hydrocarbons and. odor
C. Reasons for some excess air :
1. Complete combustioq ' A ‘
2. Temperature control in combustion zone
f). Flammability characteristics of gases and vapors, _
1. Combustion over range of concentration " Slide 427-2-6
a. Lower and upper flammability or,6 explosive limits,
homogeneous mixtures .
b. Effects of temperature and pressure on flam-
mability limits
- 2. Heterogeneous mixtures
‘a. Multiphase (solid, liquid, gas) system
/b. Layered systems
E. Volumetric relationships for gases and volumes
1. Avogadro's law N
F a. Equal volumes - equal number of molecules :
2.' Standard conditiops (T and p) Slide 427-2-7
. a. Universal scientific
b. Gas industry
: c. Other ) : .
» " 3. Gas laws ' : _ : : Slide 427-2-8
. ' a. Ideal (perfect) gas law ' L
' ‘Universal gas constant
Consistent units
b. Charles' law . Slide 427-2-9 °
c. Boyle's law :
T d. Dalton's law
. III. The Three T's of Combustion : . Slide 427-2-3
o : * . A. Temperature . S B
' 1. 'Ignition temperature ' - : ‘ e
: a. Forgyases and vapors
b. For coal : ‘
2. Temperature accelerates reactién rate .

-
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the subject of the next lecture. e

B. ‘Turbulence
1. Facilitates mixing of oxygen and fuel

2. Break-up of boundary layers accelerates )

a. Vaporization of liquid fuel
b. Removal of combustion products from surface
of solid fuel particle
c. Availability of oxygen to burning surface
of solid particle
3. Affects heat transfer in combustion chamber
C. Time .
1. Residence time for complete combustion
2. Temperature effect
a. Lower residence time at higher temperature -
b. bSmaller /sige
3. Residence time distribution
a. Shape of furnace
b. Flow pattern
IV. Combustion Mechanisms
' A. Sequence of reactions affected by
1. Availability of oxygen ~
2. Temperature, turbulence, and time
B. Carbonic theory ’ :
1. Yellow flame
C. Hydroxylation theory
1. Blue Flame
D. Water-gas reaction to
1. Mediate cracking reaction
2. Control smoking tendency of flares

Summary

Knowledge of the fuel composition will permit the deter-
mination of the theoretical air requirements and the quantities
and compositions of the flue producta through the use of
material balances.

. Combustion is usually carrieg/g;t at of near atmospheric
pressures s6 that the use of the ideal gas law is justified
for the relationship between the volume and the number of mols

or mass of gases involved.
: -~

Temperature, time, and. turbulenée in a combustion device

. are important factors to ba considered to assure complete com-

bustion with a minimum of pollutant emissions.

Different theoriesrhéve been proposed for the combustion
mechanism. Which of these mechanisms .is predominant depends
on tye type of fuel and how it is mixed with air. The appear-

“ance of the flame can "used as an indication of the type of

combustion and its qual ty.. R‘

l Conbu-tion ‘calculations involv;ng heat, effoctl will be .

Slide 427-2-10

’

Slide 427-2-11
Slide}427-2-12

sliQg 427g2-13
- 8lide 427-2-14
Slide 427-2-15

e . . 2-4




LESSON PLAN -

TOPIC: Fundamentals of Combustion
I1 - Thermochemical
. : Relationships

\

.course: 427, Combustion Evaluation

LESSON TIME: 50 min.
PREPARED BY' DATE

L. U. Lilleleht gAug. 1978

e

Lesson Number: 3

Lesson Goal: The goal of this lesson is to provide a review of the fundamental
theory of chemical reacti "ag is related to combustion evaluation in air

- : pollution control. a
. [ 4 -
Lesson Objectives: At the end of this lesson the student will be able to:

define heat of combustion, gross and net heating values, available heat,
hypothetical available heat, sensible heat, latent heat, and heat content; "

1i\\ determine the available heat obtained from burning fuels at different flue
gas exit temperatures and with various amounts of excess air, using gener-
alized correlations;

perform heat content calculations for various flow streams in a combustion

installation; I-

calculate furnace efficiepcy and describe the effeéts of varying air-td-
fuel ratio on flue gas composition and furnace los

Student Prerequisite Skills: First level college chemistry, algebra, physics
o (heat) ; Course 427, Lesson Number 2.

Level of Instruction: Undergraduate engineering or.equivalent.
Intended Student Professional Backgrounds? Engineers, technical staff, regu-
latory officials, and others who work in combustion-related areas of air
. pollution control _ ‘ -
Support Materials'and Equipment :
1. Slide:projector

f 2. Slide set foeresson 3.

Special Instructions: None _ ” : \\

. .:_‘ o R l ) - o S :‘5 -ﬂ'yfﬁ

v LI \._. . . _' - B . ' - : . .
' . L . . . Lo 5




References:

1. Coﬁbustion;Evaluation in Air Pollution Control, Chapter 2.

2. Combustion Handbook, 1lst Edition, North American Manufacturing Com-
pany, Cleveland, OH (1952).

3. "Air Pollution Engineering Manual, AP-40, 2nd Eg!{ibh, pp- 176 and 935,
USEPA (1973).
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SLIDE NUMBER

'427—3—l
- 427-3-2
- 427-3-3
427-3-4

427-3-5

427-3-6
427-3-7
427-5-8

427-3-9

BN

éﬂTLE OF SLIDE

LESSON 3: FUNDAMENTALS OF COMBUSTION I1 - THERMOCHEMICAL
!

RELATIONSHIPS

" GROSS HEATING VALUE

NET HEATING VﬁLUE

~ ADIABATIC STEADY STATE HEAT BALANCE

" HEAT BALANCE ACROSS SYSTEM BOUNDARY WITHOUT HFAT LOSS

GENERALIZED COMPARISON OF PURE HYDROCARBON FUELS IN

COMPLETE COMBUSTION

AVAILABLE HEATS FOR SOME TYPICAL FUELS
AVATILABLE HEATS WITH EXCESS AIR
FURNACE LOSSES : ' <

: & _ s
SUMMARY OF HEAT BALANCE TERMS
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™ Course: 427, Combustion Evaluation & ——
Lecture Title: Fuﬁamentals of Cgmbustion IT- Y2 e
1]
I. Introduction and Definitions Refer to Manual,
A. sState the lesson objectives Chapter 2

B. Sensible and latent heats “ !
C. Heat content or enthalpy.
D. . Heat of reaction

1. Standard heat of combustion

2. Gross or higher heating value (HHV) , Slide 427-3-1
3. Net or lower heating value (LHV) Slide 427-3-2
E. " Avallable heat ' Slide 427-3-3

F. Hypothetical available heat
IT. Heat Balance Calculations
A. Concept of a heat balance .1 Slide 427-3-4
1. Terms included and their interrelations N
2. Determination of heat contents of various Btreams
"a. By calculations using heat capacities, etc.
b. From tables
_3. System efficiency
B. Determination of the available (useful) heat
1. By calculation from heating values and heat contents
of all streams.
a. Heating value of various fuels, e.g. Dulong
~ formula ‘
b. Heat content of multicomponent gas streams
2. Approximations of available heat
a. For typical hydrocarbon fuels Slide 427-3-5
b. For some specific fuels - Slide 427-3-6
—_ c. Estimates for gpther fuels 3 : i
) 3. Available heat with excess air Slide 427-3-7
-1 a. As percent of gross heating value
b. Excess alr decreases maximum flue gag tempera-
ture
Hypothetical available heat .
urnace losses B! Slide 427-3-8
“Incomplete combustion losses ?}
Flue gas losses ' ~
Radiation and wall losses
Total losses ase at a migiimum .
a. With good mixinhg at stoichiometric air/fuel
' _ratio
b. wWith poor mixing at some excess air
D. Adiabatic flame temperature ' Slide 427-3-9
1. Definition S
2. Calculations and typical values
aee N a. With air as source of oxygen ' .
i b. 4With pure oxygen ,
3. Consequences of heat removal failure .

. "l . ) I'4
s . - -.

Thermochemical calculations are essential to determine the
efficiency of a combustion process and the amount of fuel necessary
to meet a specified load. They will also permit calculations of

-~y

buwt—"‘l!b

[
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CONTENT OUTLINE ( w}
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Combustion Evaluation
Fundamentals of Combustion II-~

Themochemical Relatjions

Course: 427,
Lecture Title:

the auxiliary fuel requirements in jinstallations where combustion
is used for pollution abatement, as in afterburners,

The effect of the air-to-fuel ratio on the various heat losses was

discussed. Minimizing flue losses due to incomplete combustion,
excessive amounts of combustion air, and excess&yq} hi flue
gas temperatures will not only conserve fual, bht.ui&d so help

to alleviate the air pollution problem by reducing the stack
emissions.




LESSON PLAN

TOPIC: Film — "Three T's of
Combustion”

’
COURSE: 427, Combustion Evaluation
LESSON TIME: 30 min.
PREPARED BY . DATE

L. U. Lilleleht Sept. 1978

Lesson Number:. 4
Lesson Goal: To reinforce the student's undérstanding of the fundamental com-
bustion concepts, particularly as these relate to the design variables of
combustion time, temperature, and turbulence.
Lesson Objectives: At the end of this film, the student will be able to:
- 1list the chemical elements which combined with oxygen when fuels burn;

list the four items necessary for efficient combustion; and

< . . . . .
describe qualitatively the interrelationships- between time, temperature,
turbulence, and oxygen required for proper combustion of a given fuel.

Student Prereguisite Skills: First-level college chemigtry.

Level of Instruction: Undergraduaté engineering or equ&valent.

Intended Student Professional Backgrounds: Engineers, technical staff,'reguia-
‘tory officials, and others who work in combustion-related areas of air
pollution control.

Subport Materials and Equipment:

i’ 1. Film: "“Three T's of Combustion”

2. 16 mm sound movie projector with a 12-inch-diameter take-up reel

Special Instructions: None

References: !

;

1. Combustion Evaluation in Air Pollution Control, Chapter 2.

p
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" Course:

427 Combustion Evaluation

I.

II.

[y

Introduction

A.
B.

Stata the objective of the film.

This movie shows how to obtain efficient burning without
black smoke. Professor Miller gstarts but to define and
discuss combustion, the Btu, and heats of combustion

of various fuels. He then uses a modified kerosene lamp
to illustrate the importance of sufficient oxygen, tem-
perature, turbulence, and time for obtaining etticient
combustion.

Parts of a kerosene lamp are used in the demonstration:
glass container for fuel, wick, grate, diffuser or
tuyeére, and lamp chimney.:

Conditions producing inefficient burning:

1. No tuyere — lack of mixing (turbulence)

2.. No chimney — too much cool air (time and temperature)
3 Cold chimney — low temperature in combustion zone

4. Too much air — wasted heat

5 Too little air — unburned fuel, smoke

Methods to increase air and eliminate smoke:

1. Taller chimney-— increased draft e

2. Raise bottom of chimnay — overfire air

" "Three T's of Combustion"

III.
Iv.

b The effects of these factors are interrelated.

Discussion of comments and questions raised by viewers
Summary of application of the 3T's to furnaces
A. To complete .combustion of any fuel, one heeds:

1. Sufficient oxygen .

'2. Adequately high temperature

3. Sufficient turbulence for mixing

4. sSufficient time /
For exam-
ple, higher temperature and better mixing would permit
completion of the cambustion process in shorter time.

B. To increase temperature:
1. Preheat combustion air R .
2. 1Insulate combustion chamber - N
3. Design chamber to r ot heat inward

C. To provide turbulence use: -

1.
2.

-Alr jets
Baffles

Items to check if there is a smokey flame: '

‘1. Too little air e

2. Too much air

.3, Inadequate mixing

a. N\

Cold furnace

~J

~

'D. To provide adequate time: N
" 1. Properly designe%.combultion chamber

2. Baffle design .

3. Reduced firing rate

Film:

"m
Combust

iee T's of]

-



.~ LESSON PLAN

TOPIC: Reaction Kinetics

COURSE: 427, Combustion Evaluatioxi
LESSON. TIME: 50 min.
PREPARED BY: DATE

L. U. Lilleleht Oct. 1978 »

-
~

’*fé}ij\\ recite the conditions for equilibrium, ' sy

Lesson Number: 5 s

Lesson Goal: Tb provide the student with an understandingfof the influence of
temperature’ and reactapt gas concentratiops on the equilibrium state and on
the rates approaching that OF equilibrium in combustion reactions.

Lesson Objectives: At the end of this lesson the stude t will be able to:

-

.
-

describe how &n excess quantity of one reactant will affect other concen-
trations at equilibrium;

cite the expression for the rate of reaction;

identify the Arrhenius equation as a model for the influence of temperature
on combustion rate; P o
. A »

define the activatiou REYgyY;
: A\ '

describe thesmechanism alytip ahtivityf and

list the reasons for the deteriorafigu\of_éétglytic activity. _
. - : y
Student Prerequisite Skills: College chemistry and algebra, Course No. 427,
Lesson Number 3.

Level of Instruction: Undergraduate engineering or equivalent

Intended Student Professional Backgrounds: Engineers, technical staff, regu-
‘latory officials, and others who work in combustion—rqlated areas of air

pollution’ control - ‘ )
Support Materials and Equipment:

1. Slidé projector

TN ) ¢

2. Slide set for Lesson 5.

-




N v

Special Instructions: None

References:

1. Combustion Evaluation in Air Pollution Control, Chapter 2.
- =~

2. Edwards, J. B., Combustion: The Formation and Emissions of Trace Spe-
cies, Ann AxtmqﬁScience Publishers, Ann Arbor, Michigan (1974).

e




SLIDE NUMBER

TITLE OF SLIDE

427-5-1
427-5-2
427-5-3
$27-5-4
427-5-5
427-5-6
427-5-7

5427—5—8‘

427-5-9

LESSON 5: REACTION KINETICS

a

CHEMICAL REACTION RATES ‘

EQUILTBRIUM CONDITIONS

TRANSITION STATE CONCEPT

' TEMPERATURE EFFECT ON REACTION RATE

TYPICAL CATALYSTS AND THEIR SUPPORTS

STEPS IN CATALYTIC REACTION SEQUEN&E
SCHEMATIC OF THE.CATALfTIC REACTION SEQUENCE
ARRHENIUS PLOT WITH AND WITHOUT CATALYST

DETERIORATION OF PLATINUM CATALYTIC ACTIVITY
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CONTENT OUTLINE mﬂ

Course: 427, combustion Evaluation
Lecture T/tle: Reaction Kinetics

I.

II.

IIT.

Introduction
A. State the lesson goal and” objectives
B. Discuss general concepts of chemical reactions:
1. Not as simple as equation implies
a. Often a sequence of steps
b. Intermediate steps not always shown
2. Not always complete
a. Usually there is alsc a reverse reaction
3. Law of mass action gives the rate of reaction as
! proportional to:
a. Concentrations of reactants
b. Coefficient of proportionality 1n the reaction
velocity constant, k
Chemical Equilibrium
A. Present the conditions of equilibrium
1. No change in concentrations with time
2. Forward and reverse reaction rates equal
B. Introduce the equilibrium constant, K
1. Interrelation of concentrations
a. Excess of one reactant reduces concentration of
the other
b. Rationale for excess air in combustion
Reaction Mechanism — Transition State Theory
A. Describe how a reaction proceeds through an activated
complex (Transition State)
B. Mention that reactants and products each have a distri-
bution of energyystates about some mean level ¢
1. For exothermic reactions, products are at lower mean
level than reactants ‘
2. Difference in mean energy states is the heat of
reaction (combustion)
' 3. Spontaneous reactions do not occur for all exo-
thermic cases at any temperature. Why not?
C. Discuss the transition state (activated complex) between
reactants and products:
1. At higher energy than either reactants or products
2. Activation energy is the difference between ensrgy
of the transition state and the mean of the reactants
3. Formed on collision of reactant having sufficiently
high energies (equal to or exceeding that of the
transition state)
a. Only a small fraction of molecules have such
aenergies
b. This fraction increases with increasing tem-
perature
4. Activated complex is unstable, therefore, there are
two options: .
a. It breaks up to form products
b. It breaks up to give original reactants
D. Present reaction rats expressions
1. Tbmperature affect through the velocity constant, k
‘2. Arrhénius equation for k
a. Plot of log k vs. 1/T (Arrhnniu. plot)
b. Slope proportiOnal to activation energy

Y

)

Slide 427-5-1

Slide 427-5-2

Slide 427-5-3

-~

\, Slide 427-5-4

' - 5-4
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CONTENT OUTLINE ﬁg

Course. 427, Combustion Evaluation ) g
Lecture T/t/e: Reaction Kinetics %40 proteS

IV. Reaction with catalysts
A. Discuss the nature of catalytic activity
1. Definition of a catalyst
a. Reaction occurs on catalyst surface
b.. Increased rate
c. Amount produced and equi}ibrium unaffected
2. Steps in surface-cptalyzed reactions:
 a. Diffusion to suxface
b. Adsorption of reactant(s)
c Reaction on surface
d Desorption of product(s)
e. Diffusion to bulk
B. Consider effect of a catalyst:
1. Lower apparent activation energy
a. Lower slope of Arrhenius plot
2. Comparison of reaction rates with and without cata-
lysts
a. Catalyst gives same rate at, lowqr temperature
b. Catalyst gives higheY rat$;-at sdme ﬁ,mpqﬁiture
C. Describe the deterioration of catalytic activity from:
1. Poisoning
a. Heavy metals
b. Phosphates
c. Arsenic compounds
2.~ Suppressants
" . a. Halogens
b. Sulfur
3. PFouling agents

Refer ‘also to
Manual, Chap.13
Slide 427-5-5

Slide 427-5-6

Slide 427-5-7

Slide 427-5-8

Slide 427-5-9

a. Alumina and silica dusts

b. Iron oxides <

c. Silicones

d. Ccarbon deposits and soot

e. Dirt and grime

. ‘ ,
I ¥
-~
i Ny
~ .




LESSON PLAN

TOPIC: Fuel Properties

|
TRAMNING INSTITLTS COURSE 427, Combustion Evaluation

LESSON TIME- 40 min.

_ . [ § | | prepared By: . DATE

J. T. Beard Aug. 1978

Lesson Number: 6

~

Lesson Goal: The goal of this lesson isgto provide the student with an under-
standing of the various physical and chemical properties of fuels which in-
fluence pollutant emissions and are important for combustion system design

and operation.

s

' Lesson Objectives: At the end of this lggson the student will be able to:

state the important chemical properties which influence ‘ir.pollutant emissions;

use the tables in the student manual to find representa ive values for given
fuel properties; g

describe the difference in physical features which limit the rate of com- >
bustion for gaseous, liquid, and solid fuels;’ Ly : s

explain the importance of fuel properties such as flash point and upper and
lower flammability limits which relate to safe operation of combustion

installations

use either specific or API gravity to determine the total heat of combustiom
of a fuel oil; -

describe the influence of variations in fuel oil viscosity on droplet forma-
tion and on completeness of combustion and emissions;

v

list the important components in the proximate and ultimate analyses;

define "as fired," "as receaeived," "moisture free," and "dry basis“ as applied
’to chemical analyses of solid fuyels; and . v

explain the significance of agh fusion temperature ‘and caking index in the
burning of coal. :

>

-Student Prereqnisite Skills: <First-level college chemi physics (heat).

L]

Level of Instructiontr 'Uﬁaergraduate engineering or equivalent



Intended Student Professional Backgrounds: Fngineers, technical staff, requ-
latory officials, and others who wotk in combustion-related areas of air

pollution control.

Support Materiqls and Equipment : \
! -
1. Slide projector :

2. "Slide set for-Lesson 6 ’ )
Special Instructions: None .

“References:

1. Combustion Evaluation in Air Pollution Control, Chapter 3.

2. Fryling, G. R., Combustion Engineering, revised edition, published by
Combustion Engineering, Inc., 277 Park Avenue, New York 10017

s - (1966) . ‘ K ?
3. .Steam, Its Generation and Use, 38th Edition, published by Babcock and
Wilcox, 161 East 42nd Street, New York 10017 (1972). R
/7
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427-6-1
427-6-2
427-6-3
437 ~6-4
427-6-5
42766
427-6-7
427-6-8

427-6-9

TITLE OF SLIDE

LESSON 6: FUEL PROPERT“S‘
GASEQUS FUELS HAVE RATE (;F COMBUSTTION

HIGHER HEATING VALUE

LOWER HEATING VALUE

PROXIMATE ANALYSIS OF SELECTED COAL

>

APT GRAVITY

APPROXIMATE VISCOSITY OF FUEL OIL
ULTIMATE ANALYSIS OF SELECTED COAL (AS RECEIVED) ,
ULTIMATE ANALYSIS OF SELECTED COAL (DRY BASIS)

SELECTED SI1ZE DISTRIBUTION AND MOISTURE OF HOGGED FUELS
) W

v
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CONTENT- OUTLINE/

Course: . 427, Combustion Evaluation

Lectl/fe‘ Title. Fuel PI'Op.‘Ei.S "44_ mt

I.

II.

\

~€,

l. Hixturea of gaseous components, mainly
N nethano . -
2. Htghor heatinq value around 1,000 Btu/sof .-
3. May contain sulfur when delivered from gas well,
" typically removed before transmission
4. Usually contains trace mercaptan additive for odor
dntoot%pn of leaks
B. Give example compositions and heating values !or various
' *lynthotic gaseous fuels f;t f
y 4
'

(%}

Page 4 of 1>

NOTES

Introduction
A. State the lesson objectives

B. Describe the following fuel properties and introduce their

influence on pollutant emissions
1. Sulfur
a. Present in organic,sulfides or sulfate forms
"b. Give examples to show how sulfur content varies
~ : with fuel, source, and amount of cleaning or
* refinery processing

. P
c. Introduce acidié emisgﬁonﬂcwhich cuase corrosion

in economizers. air heaters, and air ducts.

2. Fixed anitrdl’; i _‘
a. Give ranges of content in coal and oil

b. Introduce fuel
c. Explain why highYnitrogen 4in natural gas dbes

not fo fuel RS : »

3. Other impurities.

a. State examples: vanadium, sodium, and mercury
4. Volakile matter, fixed cafbon, ash
5. Moisture
Give :examples of the most common solid,'liquid and
gaseous fuels
1. Gaseous fuels (natural gas, propand butane)
2. .Liquia f (No. 2 fuel oil, No. 6 fuel oil)
3. Solia f
D. Explain th

.
.

on the rate of combustion

Y. " Gaseous fuslpg limited by turbulence (mixing of fuel
¢ and air)
-2, Liquid fuels: ‘1imited by evaporation which is depen-
‘dent on “fiqui} surface area

3. Solid fuels 1 imited by diatillation of volatiles
and diffupibn of O3 to surface of fixed carbon
Define,.give exdmpie values for gas, oil, and coal, and
explain sh method used to determine
1. Higher heating value, gross heat of combustion,
" gross calorific valua, total heat of combustion
2. Lower heating value, net heat of combustion
3. Constant volume versus conptant pressure values
P. Review the upper and lower falmmability limits and dis~
cuss their application to avoid explosions
Gaseous Fuels
A. Describe the characteristics of natural gas

‘.

cobal, hogged fuel, municipal solid waste)

glide 427-6-1

Slide 427-6-2 .

TN .
S8lide 427-6-3

Refer to Student
mu.l I} po 3"11
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lLecture Tit/le. Fuel Properties b, mo“(’

1. Liquified Petroleum Gas, LPG
a. Blend of paraffinic (saturated) hydrocarbefs
(propane, isobutane, and normal butane)
b. Derived from natural gas and from petroleum
refinery operatiens
. c. Gaseous under normal atmospheric conditions,
- but‘may be liguefied under moderate pressure
(80-200 psig)
d. - Heating valtie (2,500 to 4,000 Btu/scf)
2. Gases derived from coal (metals or chemical indus- Refer to Student
try) generally burned on site as heating fuel - Manual, p. 3-12
a. Coke—~over gas v
b. Blast furnace gas. _
c. Producer gas
3. Synthetic gases from petroleum refineries
: a. Varjous blends of byproduct gases; heating
\\\ L value which depends on tomposition
, ITI. Liquid Fuels ) , o
. A. Discuss crude oil - ) ¥
1. Combustible hydrocarbon mixture as delivered from
0il well
2. Potential explosive problems when used as fuel, due
to low flash point volatiles :
3. Used as refinery feed-stock to produce fuels, sol-
: vents, chemicals, plastics, synthetic rubber, etc. .
. R B - B. Describe the distinguishing characteristics of fuel oils Refer to Student
of different grades Manual, p. 3-13
- No. 1 fuel oil, a distillate oil intended for
vaporization pot-type burners and other burners
requiring a light distillate fuel
- - No. 2 fuel oil, a heavier distillate oil typically
used for domestic heating
- No. 4 fuel oil, a light residual fuel for’ inter-
mediate b¥rners not equipped with preheating facili-
ties
-~ “No. 5 fuel oil, a residual fuel oil which depend-
X " ing on the blend and climate  may regquire heating
. prior to burning
. . -  No: 6 fuel oil (Bunker C), a heavy residual fuel
: which requiréds heating for both pumping and burn-
. : ing (atomization) .
C. Describe similarities of diesel and stationary
gas' turbine engine fuels
.1. Define, ‘give examples, and state the air pollutant
influence of . '
a. Cetane numbe ;
b. Distillation temperatures for different fractions
" D. Define, give exqmple values, and describe the importance
of the following fuel oil properties )
1. Specific ‘gravity and APIL gravity , Slide 427-6-4
2. Heating vulue : Refer to Student
_ a. Describe relationship to gravity Manual, p. 3-14
; . . ; _ it

¥




CONTENT OUTLINE ‘&,

Course . 427, Combustion Evaluation
Lecture Title:  Fuel Properties

Y, o
A ppore”

v/

Page. 6 of’

NOTES

N

b. Use examples of a No. 6 fuel oil with specific
gravity of .9861, containing’ 18,640 Btu/lb,
and a No. 2 fuel o0il with specific gravity of
.8654, containing 19,490 Btu/1b

Flash point

a. Contrast with fire point (ignition temperature)

b. 1Illustrate the concern about the explosion poten-

tial of a No. 2 fuel placed in the typical heated
thank for No. 6 fuel oil

4. Viscosity L

a.? Explain the variation with temperature
b. State that No. 5 and No. 6 fuel oils require
‘heating for atomization and/or pumping
Note that high viscosity at the burner’ causes
large Aroplets to be formed. Incomplete
combustion may occur (inadequate time £or com-
bustion, evaporation limited due to unfavorable
area to volume)
5. Pour point
6. Fuel oil additives to be discussed in Lesson 18
IV. Solid Fuels
A. Coal is most abundant energy resource
1. Describe coal classification
a.  Anthracite and Bituminous coals classified
according to fixed carbon .
b. Subbituminous and lignite coals classified
according to heating value (generally)
2. Define and give example of ultimate analysis
a. Used.in computing air requirements and pollutant -
emissions

- 3. Define and give example of proximate anq}ysis’

"% 4. Contrast the definitions and uses of analyses which
are on an "as received" (in the laboratory) basis
with a "moisture free” or "dry" basis (without
influence of moisture,which varies with handling
and exposure conditions) bt

5. Define and describe the tests for surface moisture
and for total moisture
6. Give example values for moisture, volatile matter,
fixed carbon, sulfur, and ash contents
a. Eastern bituminous coal .
b. Western subbituminous coal
c. Lignite
7. Describe and give examples of sulfur compositfon in
coal ' ~
a. Organic form, 30 to 70% of the sylfur
b. Metal sulfide form (pyrite and rcasite), 40
to .80% ' :
Cc. Metal sulfate form (gypsum an
small percentage
8. 'Describe the influence of coal cl aning on sulfur
removal '

i c.

barite), very

Refer to Student

Manual, p. 3-15

Slide 427-6-5

Refer to Student
Manual, p. 3-18,
3-19.

Slide 427-6-6
Slide 427-6-7

Refer to Student
Manual, p. 3-21

Refer to Student
Manual, p. 3-20
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9. State the distinguishing features of the following
characteristics
a. Ash sofgening temperatdre
Initial deformation temperature
Ash- fusion temperature (fluid temperature) °
b. Free swelling index ) o
\ c. Caking coals (agglomerating index)
‘\9' Free burning coals ’
€. Grindability index

B. State how coke is formed and provide examples of Refer to Student
> chemical analysis and heating value Manual p. 3-22

C. Provide examples of the chemical and physical composi- Slide 427-6-8
tion of wood and hogged fuel . . Slide 427-6-9

D. Describe the source and the fuel properties of Refer to Stud;nt
bagasse P . Manual, p. 3-23
l.g :0 to 60% moisture .ﬁ??ﬂq ?‘f'n’ mhq ’jc“ CG Refer to Student’

E. Presget the chemical and physical descriptions of the Manual, p. 3-24,
congg::uents of municipal solid waste p. 3-25

1. Combustibles are mainly paper

2. Moisture content around 20%, depending on weather

' exposure -

3. Noncombustibles and moisture may be removed to
improve the heating value of the material .-




LESSON PLAN

TOPRIC: Problem Session 1:
e I - Combustion Calculations

ANR POLLUTION

TRAINING INSTITUTE

COURSE: 427, Combustion Evaluation

LESSON TIME: 70 min.
. PRE PARED BY. DATE
L. U. Lilleleht Oct. 1978

~

Lesson Number: 7 ;

Lesson Goal: To assure the student's ability to perform computations which
make use of combustion, fundamentals as applied to the determination of
air requirements, flue gas characteristics, and heat available from burn-
ing a given fuel. : ‘

-

Lesson Objectives; At tHe end of this lesson the student will be able to:
P . > ' Y .
_ determine the amount of air required for complete combustion of various
’ fuels;

-4

. 5 - h
determine the heating values of various fuels and mixtures of combustibles;

determine the quantity and the composition (by weight and by volume) of
flue gases; v

_ calculate the enthalpy of gas streams at various temperatures;

perform heat balance calculations on combustion processes;
establish the quantity of heat available for some useful purpose as a
function of flue gas exit temperature; '

MR determine the‘thermal'effidiehcy of a combustion process; and
estimate the effect of combustion air preheating on the thermal effi-
ciency of the process.

Student Prerequisite Skills:  First-level college chemistry, algebra, physics
(heat); lessons 2, 3, 6.
s
Level of Instruction: Undergraduate engineering or equivalent
Intended Student Professignal Backgrounds: Engineers, technical staff, regqu-
latory officials, and others who work in combustion-related argas of

air pollution control.
: 7

7-1




Support Materials and Equipment:

1. Workbook for Combustion Evaluation in Air Pollution Control, Chap-
ter T.

7. Blackboard and chalk or an overhead projector with transparency
material and pens.

3. Hand-held calculator or slide rule.
Special Instructions: Assign problem 1.5 for homework.

Reference: Combustion Evaluation in Air Pollution Control, Chapter 2.

S
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~ CONTENT OUTLINE ;&
Course: 427, Co?gTation aluation m(g

en Bession I:

Lecture Title. Combustion Calgulations

Poge 3 of _

NOTES

II.

Introduction

A.
B.

State the goals and objectives of this lesson

Goals are to be achieved by:

1. Instructor working through and discussing Problem I.1
affd Problem 1.3. _

2. Students working problems independently
a. In class: Problem I.2 and 1.4
b. Homework assignmaent: Problem I.5

3. Discussion of solutions of problems

Problem I.1: Combustion of No. 6 Fuel 0il

A.

Fl
G.
H.

Present the problem statement:

Assume perfect combustion of No. 6 fuel oil with

stoichiometric air.

Predict: ‘

1. The gravimetric analysis (weight percent) of the
flue gases :

2. Total volume of flue gases (at 500°F and 1 atmos-—
phere) per pound of oil burned

3. Volume percent of Co, in dry flue gases

Present, as given: the gravimetric analysia of this fuel
oil:
88.52% carbon
10.87% hydrogen
0.40% sulfur
0.10% nitrogen
0.06% oxygen
0.05% ash i
Dacide on basis for calculations — unit mass
Determine the mags of gaseous combustion products from
the ultimate analysis
Calculate the volume of:
1. Individual combustion products
2. Total volume
a. At standard conditions
b. At actual conditions
3. Dry flue gas volume at standard conditions
Determine the ultimate percent CO,
Didcuss the mignificance of these results
Outline how similar calculations could be performed

Refer to Student
Manual, p. 2-23,
Attachment 2-1.

Refer to perfect
gas law in Student
Manual, p. 2-24.

Compare with value
obtained using
Student Manual,

for gasnoul and solid fuels - p. 2-30.
III. Problem I.2: Combustion of Gases .
A. Present the problem statement:
* Consider a gaseous fuel composed of 60% Hy and 40% CH,
by volume )
Datermine: tt _
1. The volume of air required for complete combustion )
of 1,000 scfm of the above gases with 1008 theoretical
air.
2. The pounds of air required for burning 1.00 pounds
of fuel.
3. The volumetric analysis of flue gases (products),
- including water vapor (assume no water -is condensed).
Aan
= 7-3
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Poge_ 3 of 5 __

NOTES

B.
C.

Problem 1.3:

A.

C.
D.
E.
F.

Problem I.4:

A.

B.

D.

a Course . 427, Combustion Evaluation
ecture Title Problem Session I: 240 o168
L re Combustion Calcylations PRO
4. The gravimetric analysis of the reactants (fuel gas

. and air mixture).
5. The partial pressure of the water vapor in the flue
for a total pressure of 14.7 psia.
Solution 18 to be computed by students during class
Present and discuss solution
Available Heat
Present the problem statement:
Consider a boiler which burns 10,000 standard cubic feet
per hour of a waste gas with higher heating value of
258 Btu/scf.

Determine:
1. The gross heating value per hour for complete com-
bustion.

2. The available heat if the flue gases leave the boiler
heat exchanger at S00°F and complete combustion is
achieved with theoretical combustion air.

3. The available heat from the same boiler if 20%
excess air had been used and flue gas exit tempera-
ture was still SOOOF.

Choose a basis for calculations — unit time.

Determine the gross héating value.

‘Illustrate the use of Attachment 2-9

Discuss effect of excess air

Outline IngZ more accurate estimate of available heat

could be obtained from heat balance calculation# based

on enthalpies of all streams and heating value of the

fuel

Liquid Waste Combustion in Natural Gas-Fired

Boiler .. o

Present the problem statement: -~

Combustible 1iquid waste from a manufacturing process is .

to be burned in a boiler which is fired with 1,059 Btu/scf

higher heating value natural gas at a rate of 5,000 scfh.

The liquid waste is equivalent to 10 1b/h of benzene.

Determine:

1. The total gross heating value to the boiler per hour.

2. The amount of combugstion air required to burn the_
waste liquid. Assume a 200 excess of theoretical
air and express your results in scfm.

‘3. The amount of available heat from the boiler if the
flue gases leave the heat exchanger at 600°F and
complete combustion is achieved with 20% excess air.

Present the flow diagram

Solution by Students o 5

Discuss solution ‘

1. Gross heating value:

2. Alr requirement
a. Theoretical for gas and waate
b. Add 20% for excess air )

3. Available heat .

sum of HHV for gas and waste.

7t

7-4

Refer to Student

Manual, p. 2-31,
. p.- 2-32,
p- 2-28.

Rafar to Student
Manual, p. 2-23.

Refer to Student
Manual, p. 2-32.
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Vi. Problem 1.5: Combustion Calculations with Heat Recovery
A. Assign this problem for homework
B. Discuss flow diagram.
mﬂﬂ!?‘ Review problem statement:

A chemical plant has installed an industrial boiler to

produce process steam. The boiler is fired with natural

gas of the following composition by volume: 9b% methane,

5% ethane, and 5% nitrogen. 'The boiler is designed to

burn 80,000 cubic feet per hour (delivered at 60°F) of

natural gas at 10% excess combustion air.

Determine: .

1. The gross heat input to the b01ler, BTU per hour.
(Assumptions: (a) Natural gas and combustion air -
enter the boiler at 60°F; (b) heat lossgg from the
boiler due to radiation and convection are negligi-

ble.) .
2. The combustion air requirement, cubic feet per hour
f{at 60°F, 30 inches mercury pressure). Assume

average atmospheric conditions are 60°F and 30 inches
.mercury pressure.

3. The available heat for process dteam if the flue
gases leave the boiler heat excﬂanger at 400°F.

’

The personnel of the chemical plant lare now considering

the addition of an air preheater to the boiler to preheat

combustion air. Calculations show that the flue gases
leaving the heat exchanger section would enter the air ~
preheater at the following conditions: 1,500,000 cubic
feet per hour at 400°F. The air preheater will be
de51gned to reduce the flue gas temperature to 350°0F.

- At conditions of complete combustiobn, calculations show

the flue gases entering the air preheater to be of the

following composition by volume: 8.8% CO 1.7% 05,

72. 3%tky and 17.2% HyO0. (Note: Calculat%ons show the

water vapor flow rate in the flue gases. equals 7,400 lbs.

per hour.)

Determine:

4. The heat recovered (H.R.) -from the flue gases by the
alr preheater bagsed on the flue gas analysis and
flue gas flow rate. (Note: Use Equation 1 shown
below.)

5. The increase in combustion air temperature resulting
from_the use of an air preheater. (Note: Use
Equation 2 shown below.)

6. The combustion air temperature after passing through
the air preheater. '

>

) H.R. = z (flow rate of each component) x (difference

in heat content of each) (1)

H.R.q¢, = O. 24 Eggb x temperature’ increase x air flow rate (2)

7-5




) CHAPTER I

COMBUSTION CALCULATIONS

7
/

PROBLEM. I.1: Combustion of No. 6 Fuel 0il

1

Assyme. perfect combustion of No. 6 fuel oil with stoichiometric air. ™,
The gravimetric analysis of a sample of this fuel oil is:

\ ) : -+ B8.52% carbon
10.87% hydrogen
. 0.40% sulfur
0.10% nitrogen
0.06%8 oxygen
0.05% ash

1. The gravimetric analysis (weight percent) of the flue gases

s

2,. Total volume of flue gases (at 500°F andll atmosphere) per
pound of 0il burned

3. Volume percent of CO, in dry flueIQases

Solution to Problem I.1l:

Select as a basis for calculation: 100 1lbs.of fuel oil burned. This is
chosen for convenience as the gravimetric analysis will give the amounts

‘of various elementg directly. Answers can easily be scaled to the 1 1b.

of oil as required in Part 2.

A tabular form of solution i8s presented on ghe'hext'page, as this will
(1) help to organize thinking, (ii) permit presentation of results in
a compact format, and (iii) avoid confusion - '

L

" ' ) ) ' ,




TABLE I.1

. — . :
. FUEL ‘ COMB. AIR REQ'D . FLUE PRODUCTS
- <
Element M.W. Quantity 0, N, Cmpd. M.W.
' 1b. 1b-mole lb-mole lb-mole . lb-mole 1b. wgt %
(a) (b) (c) (d) (e) (f) (g) (h) (1) ' (3) (k)
C 12 88,52 7.38 7.38 27.8 CO,y 44 7.38 325 21.8
Hy 2 10.87 5.44 2.72 10.2 H,0 18 5.44 97.9 6.6
S 32 0.40 0.012 - 0.012 0,045 50, 64 0.012 . 0.77 0.05
.0, 32 0.06  0.002 *~0.002  -0.007 0, 32 - - ° - -
5 N, 28 0.10 0.0036 - - N, 28 38.0 ‘. 1064 71.5
<2 Ash - 0.05 - .
Total 100.00 10.11  38.94 | 50.8 1,488 99.95
| 48.15
Notes for Column Headings:
. !
(c) From. gravimetric analysis of fuel - - (f) = (0.79/0.21) x (e)
(). = (b)) x (¢) ' ' ' (g) Products corresponding to complete combustion
' : of various oxidizable elements in the fuel
(e) From basic chemistry, i.e.: . ' ' L :
C + 0, + COy ' _ (1) Pound-moleg\of products from the amount of
H, + &0, - Hy0 . . combustiblés in (d). Note that oxygen present
. - 2 .2 2 ' - _ - ohly if ex¢egs air added, and nitrogen 1is the
, _ S + Oy + 'S0y v : total

Oxygen in fuel reduces.air requirements. _ ,
Excess air, if any, is usually specified - (3) = i) o !
: ) as % of theoretical and added to the total. o -

k) = () x 100/L(3)




N . Kﬂilw)f

Y

Graviﬁetric analysis of flue gases given by Column (k) of the table.

Part 2.

Ideal gas law used to calculate the volume of tlue gases (BEquation 2.6,
p- 2-8 of the Student Manual).

.

VvV = nRT/’Q

where, n = 20.8 lb-moles flue gases _ 545 1p-moles/1b

100 1b o011

from Table I.1

.

o
1l

0.7302 atm-ft3/(lb-mole °R)

from Attachment 2-2, p. 2-24 of the Student Manual

-3
|

S00°F + 460 = 960°R

-

AN . ’ P = 1.0 atm.

V = (0.508) (0.7302) (906)/(1.0) = 356 ft3

Part 3.
Dry flue gases (from Table I.1)

=

Compound lb-moles
co, 7.38
80, 0.012 .
) } . © 0y o, -
' . . . N2 : 38.0
Total ° 4?.4 lb-moles

Vol. % CO, = 7.38 x 100 / 45.4 = 16.3 %

| d N (1-3)
| (4] «  ' o . o | 7-8

E;‘r I .
, Oxr . -
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- PROBIEFM 1.2: Combustion of Gasces

Consider a gaseous fuel composed aof 60% Hy and 40% CHy by volume.

~

-

Determine:

1. The volume of air required for complete (,OII\DHQ Jon of 1,000 scfm
of the above gases with 100% theoretical air

2. The pounds of air required for burning 1.00 pounds of fugi

. / 3. The volumetrlc ana1y51s of flue gases (pro&ucts), 1nclud1hg
) . water vapor (assume no water is condensed)

4. The gravimetric analysis of ‘the reactants (fuel gas and air
mixture) '

A)

»

5. The partial pressure of the water vapor in the flue for a total
' pressure of 14.7 psia

Solution to Problem T.2:

Complete and balance the combustion equation u51ng 1 1b-mole of gas
as the basis.

0.60 H, + 0.40 CHy + a Oy #+ b N, » ¢ CD, + d Hy0 + b N,

2
To balance the equation c = 0.40
d = 0.60 + 2 (0.40) = 1-40
a = c+d/2 = 1.10
b = (0.7970.21) a = 4-14 )
Thus: "

-

R

———en e eeee——

o

Ar. oy,
L e -

- e

“'o,so.ué + 0.40 CH, + 1.10 5, 4 4.14 y, o 0.40 co, 4 1.40 o0 4 4-14 y,

Rel. 0.60 +7\ 0.40 + 1.10 + 4.14 -+  0.40 + 1.40 +  4.14

Volumes: - C ) Iy . |
‘ Y1 , ¥ )
2

(1-4)

25

C71-9 . ’

Vaad

et -

- (A)

(B)

(C)



Rel. | 4 o
) 1.20 + '6.40. +¢ 35, 2 4 115.9 = 17.6 + 25.2 + 11%.9 (D) -
\ ("\ _Mass: N g e 4

b
..'._v. ."1 “:' N R . ' ; . ‘ ' .

-« - 7.60 .

Part 1. SRR S . .

From Equétion (C) note that® 5.24 volumes of air required for complete

. ? contbustwq of-l*) volumes of this fue’l gas .o .
Therefore. : o ‘ .' ‘ '
ereto e K g _ ‘;( . \ » i . e, .
| ; -7‘01- of air .= {5 24 scfm air/scfm gas) (+1,000  gofm gas) = 5,240 gefm air
\- . . - . E ) '\‘ _: - . N,bl. (
'_! ‘. al"- !
Another approach ﬁakég“ @' oF- Equatlon 2,.4 p 2-7 of the Student Manual,
"which for gases contau;-ind only H2 and CH4 reduces to. \
- " ]
’ ’, . . . -- o - “4 A , ) o N . ' o Py -~ . = .
- \ VA, t = 2.38 (Hz“) :\\ A _;' N g . . v . - . . (E);
] ~ . ¥, k - . N . '1_’" 2
ST oo R .
~ where  ~ . (H2) '
. .~ (CHg) = 0.60 " r) ) )
Sy R .0.40 y 5340760 Y = 5.2 >
cL T Va,.t = 2.38 ( )+ 953(90 f.= 5.24 scf air/ scf gas
. . ) 'h ..'r.‘ ..' ; & e t . ' ' . .

. - - which'is t!he s'ame as obtalned in t:he Pmliminany Calculation (Equation C &
. : above)

N - I 3 s, . - . . . .
& ) Ay ‘ - N . *, N ¢ - “ LR .
. ) . . . : ]
. ) . . AN * , » P
’ - .- - LN .
: _ . . . b _ ; A : .
- . . e - R .
. -» WV 1
Part 2- . * i . a DR IR Y. -
—_——— . i . L ) o N e e g -
. . - . . . Cae S i N N
0 . - D
g >

From Equation D above,]7;60 lb. of fuel: gas reguires ol ! 1b.cair. Ty L

. . . . iz . NI ""5.

) . - ) C, n\, b '.-‘\ ‘ . : v e - )"7_'}'_.' . ' ’ "l:"{,-_ - . e
v e . Air requlred per péhnd of gas burned = -(" 151_-1 'fb.aizi)/?.'gd'-'_lp.qa__s
. h t _ , o . % . 'Y N B - . . 74
. N ks - * *

A o A e, Ab. air/1b. gas

° P . A N t » v .
3 . . [y s . - @ » s ) :
LIS - . ~
b . ! Y ! . c ' *
. 0, ' e ! - »
1 - o P - . - ‘
8 . R » -
o q N - > é .
. R S A r
" . S s f Y b
) PR . R ~ 4 -~ 1) : ~
¢ . . i
- 1Y ~ . . ) -t -
y . . 3 _ .
< ] A
& ~
- ° ' L ¥ . .
M N * J ) [t . LY ) 59 -
.
- N ‘\,l’l J\ . (1—5) v 1 \ .
- .
» .

.
"
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‘ ) R . .
/ : _ . '
Part 3.
. *; PR [ 2

From: Equation (C) above, total volume of ¢flue products is:

€

> . % s .
S M9.40 + 1.40 + 4.14 = 5.91 o
-y A . T
i ' Co 1,0 N,
. 2. 1 N2 _ .
A ' C
. ' ' by
~ _.‘Volume'? of flue products: ' S
' _ L ﬁ o - » .
. $ Coy = 080 "y 100 / (Result of Equation F above) = 6.7 g
" ‘&gii H0 = _1.40 x 100 / (5.94) = -23.6 4 -
. Eaat t y T ) ) ' ;
. a . [§
. : % N, = 4.14 x 100 / (5.94) = 69.7 %
’ M "“ )
Part 4. # :
, ‘Tabulate the left-hand side of Equation (B) above: ' ) A
L} . ’ . . , » ) ‘ : '
Reactant, . Relative Mass Wgt. %
A : i ! -
' . H, . 1.20 > 0.76
) CHy - 6. 40 ’ 4.03 Co .
. : . . . . . oo Y .
0y ' 35.2, ©o.22.18 0 - 0 AN
o ' - - . o &
» T ! ' L
\ N, 115.9 y. 73.03
’ v . " s
S 4 ﬁ: . . = ’ e
. « - . L . i . - *
. Total 158.7 . Sa Y 00.0 ! i .
- ’ ' ' . : ) . ’
S Note: ° wbt. % of Reactant ‘i = (Mass of i) ﬁ-,lOO / Total Mass
- - Part-5. ‘ - - L . ) ; ' o o o ’
. Partial pressure of a gaseous component~isﬁgiveh‘by Equation 2.9, p. 2-10
R of the Stpdent Manual. - . . - CEE S
R - ' \ : - ' * T o ' o ) . :
' Puo! = (M0 X (PV/Mioear -~ . " : | . -
,' ' ‘ ’ ) ) . " . .- .‘. - - ﬁ‘ + e ’ ’ ' ‘
' } 1 .“ ’ . vh “ )
' i . (1-6) . . '
‘ l B 7"'11 X 8' .
- ‘7.1 . ’ (i ' . - -
. . . 3 ~
. » . _



where n = lb-moles or volume from Eduation (C)

p = total pressure of flue products

Thus:

L) .
((1-40 1b-moles 1i;0) (14.7 psia) / (_5-94 1b-moles of flue gases)

Pryo

n

3.46 psta R
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PROBLEM 1.3: . Available "Heat

Consider a boiler which burns 10,000 gldnddrd cvic feet per hour of a
waste gas with higher heatlnq value of 258 Btu/sc

Dotermxno . . y

1. Thé gross heating value per hour for complete combustion
2& The available heat if the flue gases ‘leave the boiler heat
exchanger at 500°F and complete combustion is achieved with

theoretical combustion air

3. The available heat from the same boiler if 20% excess-alr had.
been used and flue gasg exit .temperature was, still 500°F

Solution to Problem I.3:

Part_l. - - -

Gross heating value per hour (Qy, Btu/scf) (Fuel rate, scf/hr) e (A)

]

(258 Btu/scf) (10,000 scf/hr)

; {.l‘-.l

. K 2,580,000 Btu/hr

¥ *

Part 2.- o _ . ) _ . ’

Use Attachment 2-9, p. 2-31 of the Student Manual to estimate the avail-

~able heat, . O v from the above fuel with flue gases at 500°F,

Interpolate between curves in Attachment 2-9 at identical flue gas tem-
peratures using the following ratio:

O o Coe 2 - |
— = - SO _(B)
P _ 1 oy ..
Desired fuel : Reference fuel
N . ? ’
Choosiﬁg Producer Gas.as the reference fuel:
- v ' . . ]
( / ’ = (130/163) = 0.80
. €A %) -Ref. fuel, S00°CF _ , . ' .
" : ‘q . ) . *
e .. (1-8) . o ) ;
- | S .; S 7-13 *E;(:'] - o o "~ ;

C ) . . .- N . oo .
Y- - f . ' . » . L -_ . . ) )



With- waste gas. Qp = 258 Btu/scf, from Equation (RB) above:

Op = (298 Blu/scf) (Q80) - 206 Btu/scf

Total heat available from waste gases (10,000 scfh) (206 Btu/scf)

-

2,060,000 DBtu/hr

Part 3.

J

Attachment 2-10, p. 2-32 of the Student ‘Manual, gives available heat as
the percent gross heating value with:various amounts of excess air.

)

. ) . Y
(0,/9y) x 100 = 79%

With flue gases at S00°F and 20% excess air, read

Thus, heat available per hour with 20% excess air is:

-

Qp © ™ (79/100) (2,580,000 Btu/hr) = 2,038,000 Btu/hr
L Y
3
- A ‘
el
!
/
™ !
. ’ “f?~- t
‘ ] e
. \ )
-\‘ '. )
. . 8 ' ) i ‘\.\ .
? . ST . ' -
* - R . .
co Y- .
I - ' . (1-9) -~
RNV 5 7 SR
-, . ' . é . 1 ) .
* '!}‘“ — L éi ' *J - . - .
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PROBLEM 1.4: Eiﬂﬂiﬂ~EﬁﬁEEWQQTPHEElprj“ Natural !@g:fired Roiler °

Combustible liquid waste from a manufacturing process is to be burned
in a boiler which is fired with 1,059 Btu/scf higher heating value

natural gas at a rate of %,000.

10 1b/h of benzcene.

Determine:

F o -

gcth.. The ligquid waste is equivalent to

1. The total gross heating value to the boiler per hour .

2. The amount of combistion air required to burn the waste liquid.

Assume a 20% excess of
in scfm i

3. The amount of available hcat from the boiler if the flue gases °

Lheorct]cal air and e*press your results

/

leave the heat exchanger at 600°F and complete combustion is

achieved with 20% excess air.

Flow Diagram

LY

b sTack GASES
& 600°F

NATURAL GAS

WASTE
BENZENE

et

[ 5000 fr”/hr . 10 Ib/hr
: : HEAT AVAIRABLE
. U Sl S
e - , '(Ifid)'aj . ..
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Solution to Problem 1.4:

Choose as a basin’

s : \
1 hour of opcration. ' \ i
Part 1.
Gross heating value of natural gas: Q" gas = 1,099 Btu/scf.
. — - - .- - - - PR - . - _— - - . ’ T - e ..

Gross heating value of benzene is obtained from Attachment 2-1, p. 2-23
of the Student Manual:

B

) ~

OH, benzene = 18(184 Btu/lb,

Total gross heat input to the boiler is:

‘Natural gas (5,000 scfh) (1,059 Btu/scf) = 5,295,000  Btu/hr
. 8 - ' *
Benzene . (10 1b/n?) (18,184 “pru/ib) = 181,840  pry/ny
Totall - 5,477,000 pty/hr
N~ ‘e . . M
Part 2 i ) . -...'.- o ; »
. - a ’
Attachment 2 -1, p. 2- 23 of the Student Manual, gives the combustf'h air
requirement for benzene (Substance ‘No. 21) as 13.30 1b air/lb benzene
- ot ®$.73 scf air/scf benzene. :
R Y , S ’
ne ’ Ha 0.2060
Density Qf benzene . pbenzene, is 1b/scf. .
3
Theoretiéhl»airﬁrequiréﬁ to burn benzene type waste completely
VA, e = (wbehzehe(pbenzene)-,(TheQretical scf air/scf benzene)
' ' B ‘ ¢ o
o ' 10 1b/hr - : ; ' -
VA t' = | 1b/hx X _35.713 scf %ir/scf benzene)
o ( 0.2060 -1b/scf benzene) " '
. . .__' .~‘ ) R . ] . P
P - R * , » .
\ . o ) : - .o .
_ . = 1,730  scf air/hr : o Co K -
= X - L) _.'J - . . N ! . .. . . _
R ¢ 5§ I T I L e
-‘: , ] . 5 . ": .. ,‘- n. N . .-- .. '._ ) . . . . .’ N . . . .~'§
G Ko 116 T e R |



Aixr requirements with 20% excess air:

+

V_. = (1'20)’(“_{L1¥1*“ scf alr/hr) = 2,080 scf air/hr

Refer to Attachment 2-~10, p. 2-32.0f the Student Manual. Read avail-
ahble heat as percent of gross heating value with flue gases at 60QOF
and 20% excess air as 77 %

e —

100 .

% LVAILASLE HEAT

. quyp
/ ' |
, \—h—-.--..-m. ' .. Y

o $
0 GOO°F

1
@ « Heat available from the boilgr
o : : : -
= (_>¢477,000  ptu/hr) (77 ss100) = 4,220,000 gy py
. ¥ i: \ .- -
! [ from Part 1] . [from Attachment 2-10]
f. ‘?' ‘ , ‘ . . L
. »‘ [ - : .

. o

~ D . £ .

C .J_' ' n o ', _' . .. ,; (1_12)




PROBLEM 1.5: Combustion Calculations with Heat'@ggoverx

Part A

A chemical plant has installed an industrial boiler to produce process
steam. The boiler is fired with natural gas of the following composi-
tion by volumec: 90% methane, 5% othane, and 5% nitrogen. The boiler

is designed to burn 80,000 cubic fuet per hour. (delivered at 60°F) of
natural gas at 10% excess combustion air.

Determine: s T -
1. The gross‘heat input to the boiler, Btu per hour.
Assumptions: (a) natural gas and combustion air enter the
JPoiler at 60°F; (b) heat losses from the boiler due to
radiation and convection arec negligible.

2. The combustion air requirement, cubic feet per hour (at 60°F,
30 inches merdury pressure). Assume average atmospheric con-

ditions arejBOOF and 36 inches mercury pressure.
wE

3. The avallaéle‘heat for “process steam if the flue gases leave
the boxleﬁ]hﬁ%t exchanger at 400°F.

Part B ) : A
The personnel of the chemical plant are now considering the Qdaitioh of
an air preheater to the boiler to preheat c¢ombustion air. Calculations
show that the flue gases leaving the heat exchanger section would enter
the air preheater at the following conditions: 1,500,000 cubic feet per

. hour at 400°F. 'The air preheater will be designed to reduce the flue

gas temperature- to 3509F. At conditions of complete combustion, calcu-

- lations show the flue gases entering the air preheater to be of the

following composition by volume: " 878%CO,, 1.7% Oy, 72.3% Np, ‘and

17,.2% H0. (Note: Calculations show the water vapor flow rate in the
fl gases equals als 7,400 1lbs. per hour.) b N
Determine: I S s

" 4. The heat.recovered (H.R.) from the flue gases by the air pre-
heater based on the flue gas analysis and flue'gas flow rate.
(Note: Use Equation ‘1l shown below.)

5. The increase’ in combustion air temperature requlting from the
use of an air preheater ( 9& _ Use Equation 2 shown below.)

6. . The combustion air temperature after passing through the air
preheater. R : : .

(1-13) (91 E

LT L 7-18
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L J
&- ' H.R. = y\ (flow rate of cach component) x (difference in (1).
' . N heat content. of each) .
Btu . _ ¢
ﬂ'R_‘Air 0.24 5 OF X temperature increase x air flo_w- rate. (2)
. . 4
FLOW DIAGRAM 'R B(,‘ILI;R: S - =
_ COMBUSTICH AIR 7
F——-—--‘_ -
‘ STEAM A
- - © . MMBIENT AIR
- ¢ S - (60 °p)
- * \ . * \ﬁ e
T _ COMBUSTICON HEAT , HEAT '
. ZONE EXCHANGER 400°F
W{S : 1,500,000 FLUE GASES-
——~——" TREHEATER
| 8.8% CO | 0
: A oon co
' i .’ ) l.?% O2
at . _
‘ 72.3% N,
A -WATER ) -
__ 17.2% Hzo == 7400 lb/hr
NATURAL GAS N St
: ", . “
. ‘ .
: ) I o . -
 (1-14) ' . e )
f %
7-19 ' ' . ‘. .



Solution to Proplgy I.S:

Basis: l.hour of operation
Part 1.
(a) (b)
_ Volumetric . '
Substance ‘ Ilow Rate Gross Htg. Heat Input
N L{<m L S .. scfh _ Value, Btu/scf = Btu/hr
Methane — CH, (0.90) (80,000) = 72,000 ; 1,012 72,860,000
’ . ' .
Ethane — C2H6 (0.05) (80,000) =" 4,000 ; 1,773 ' 7,090,000
Nitrogen— N, (0.05)(80,000) = 4,000 ; 0 0
' Potals: 80,000 scfh 79,950,000 Btu/hr
b Note: (a) From Attachment 2-1, p. 2-23 of the Student Manual.

\

(b) Obtained by multiplying volumetric flow rate by ;he;
corresponding gross heating value. : :

Part 2. " . ) , ' : -
_— _ ‘ \ : . .
Combustion air requirements: h e :
. i »
‘Combustible ~Volume, ‘Theor. Air¥ o Actual Air (10% excess)
Substance * - scfh scf air/scf gas - gcf air/scf °~  scf air/hr
CH, -~ 72,000 9.53 - . 10.48 . 755;000 '
C,yl, 4,000  ° 16.68 . . .18.35 ©73,000. °
\ C - .+ - - motal Adr = 828,000 scfh
: * - *From Attachment 2-1, p. 2-23 of'the>Student Manual.
»’ .
¥ 4 . o "-‘ . a
(I—]_S) L . v
- * o \93 r
7-20 ,
. ‘ - ' ~ . .. . ) -
1 . w ‘




Part 3.

For available heat as percent of gross heating value, use At\achment 2-10,
p. 2-23 of the Student Manual.

83 4.

Read for 400°F flue gases and 10% excess air

Il
t

Available heat from the boiler ( 79,950,000 gro ss Btu/hr) ( 83

2> % gross/100)

-

il

'

Part 4.

o .
Need to calculate flow rate of combustion products in 1lb/hr. First correct

flue gas flow rate from 400°F to standard temperature of 60°F, u51ng
Charles' law (Lquatlon 2.7, p. 2=-9 of the Student Manual). .
BN | ‘ | |

~,
b

= . 3, N 60 o -
Vflue' 600F (1,500,000 ft /hf\\9460 + F) / (460 + 4

907,000  ft3/hr | \

(volume®fraction)

Mass flow rate of component = (total volume flow) (density)
. : ” o
R ~ - 7 Enthalpy, Btu/1B '
_Density | Mass .Flow at 400°F at 350°F
Component. Fraction | ~ 1b/ft3 1b/hr Btu/1b Btuihr Btu/1b Btu/hr
. r . ) .
o, 0.088 0.1170 9,340 75.3 | 0.703 x 108 63.7 | 0.594 x 106
0y 0.017 0.0846 1,300 .76.2 | 0.099 x 108 64.8 | 0.084 x 10°
N, 0.723 0.Q744 48,790 85.0 | 4.147 x 10° 72.4 | 3.53 x 10°
H,0 - - 7,400 {1,212 8.97 x 10° | 1,188 | 8.79 x 10°
& . )
’ v \ , ] . ] B R . .
Total 1.00 66, 830 Hiop = 1392 x 10% | Hygy = 13.00 x 10°
. ) [ ' : 1
: _ Note: Densities évallable from Attachment 2-1, p. 2-23 of the Student Manual.

Enthalples from ‘Attachment 2-7, p. 2 -29" of the Student Manual.
'

f);;f L : o "

(1-16)



) Btu/hr. -

Heat recovered from cooling flue gases =
: L]

Haoo = Miso

H.R. A - 13.92 x 109 - 13.00 x10® - 920,000 Brtu/hr

Air ”Flue Gases

Part 2.

" Refer to Equation (2) of the Problem Statement, which on rearrangement
. gives: ' ' '

= . Op = e 1 )
A'I‘Air (H'R:ﬁir) / (0.24 Btu lb_P X Air Flow Rate, 1b/hr)

i

Obtain density of air from Attachmerit 2-1, p. 2-23 of the Student Manual;
to compute:

»
Air Flow Rate, 1lb/hr "(Volumetric Air Flow, scfh)(density, 1lb/scf)

= 828,000 scfh) ( 0.0766 1b/scf)

= -, 63,400 . 1b/hr. \ e
Subs;itutiﬁg into expression for ATAir : s
(920,000 Btu/hr) | . \
CAr = —_— -~ - " 60.4 op
A1r (0.24 Btu/1b-°F) ( 63,400 1b/hr) | &
-~ . »
Part 6.
Air temperature after preheater = 60°F + ATAir - ’
’ L LQ ,
.. = 60 .+ 60 = 120 °F L
: .. ) ) he )
. ‘ -
" \ P ~
" ) R
5 - @
(1-17) 2 -




\ LESSON PLAN

N

yuu

LESSON TIME: 30 min. (Tues.) and
. . ’ 15 min. (Wed., Thurs.,
Fri.)

TOPIC: Review of Homework

A Y

-

TRAGNS e ' COURQE: 427, Combustion Evaluation

PREPARED BY: DATE:
J. T. Baard . oct. 1978

-

. - b ‘ . . N \‘.
Lesson Number: 8 . (g v
- . .
. r 4
L.esson Goal- The goal of this lesson is to rgview the qolutlon to the home- '
work dohe the previous night by the students. _, ~

Qﬂtk’nh’.:»tﬁJA'L _
Lesson Objectlves: At the end of this' lesson the st gght will be able to:

- know.if they worked the previous evening's homework problems using
th correct logic and procedure; and

know if they obtained the correct answers to each problem assigned.

Student Prerequisite Skills Air Pollution Trainihg Institute Course 452 or,
equivalent experience, and one of the following: college level -training
in physidal science, engineering;ﬁbr mathematics '

Level of Instruction: UndergraQuate englneerlng or equivalent

Intended Student Professicnal Backg nds:, Engineers, technlcal staff, requ-
latory OfflClalS, and others who wdik in combustion-related area§~of air
pollutlon control. - . : : _ »

M I . . / 4
A . B P
K . . .

Suppbrt Materials and Equipment:

Workbook for Combuséhon Evaluatlon 1n,A1r Pollution Control

- .The instructor should solicit questipns from the students to determine if
they understand the proper logic used in problem-solvind and to answer
any questiong they may have about althnative SOlutlon teqhnlques or
'assumptions :

Chalkboard s . \| &

Special Instructions: ° T -

»

-
¢ ’ ) -

‘The prOblem statements and the SOlutlonS ‘are” found at the end of- the

lcsson plans for each problem sess1on and in the workboo _
N . v - T A

e Referehcesé' S E o : - , .

- v Y

1. _Comhustionepbaluation'ingir Pollution Control : S '% ' )

P t

. : « ] . o . N oL

. . . Lo .

. : . - Vo : s .

R - o [ R T L e R

. . . . "’I. - ) . . . i . ) . O L. . . . i . . .:.'-.. . [ s
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;o U LESSON PLAN 7 \

ade

TOPIC: Combustion Systems Desidgn

\

COURSE: 427, Combustion Evaluat{on
L LESSON TIME: 60 min.
PREPARED BY: DATE -

F. A. Iachetta Oct. 1978

" Lesson Number: 9

_ Lesson Goal: The goal of this lesson is to provide the student with a general
understanding of how energy utilization, together with choice of fuel and
fuel~-firing equipment, influences system design.

L,e_sspn Objectives: At the end of this lesson, the student will b‘ le to:
. . ’ .C ;
— describe the relationship between energy utilization, furnace_ heat tr{msfer-,

and excess air as means of furnace temperpture cohtrol;

understand the limits which may be imposed by thermodynamic laws and how
these limits dictate choice of energy-recovery devices faﬁ.owing the furnace;

. calculate the en%rgy required from fuel to méet an output energy requirement.
Studeht Prereguisite Skills: Course 427, Lessons 1 through 8.

M Level of Instruction: Undergraduate engineering or equivalent.

. ' 'Intended Student Professional Backgrounds. ' Engineers, technical staff, recjul
latopy officials, and others who work "in combustion-related aread of air rJ
"polliution control.

_ { : . o,

v L . !
_ Support MaterialS and ;E;quipment z _

S, B slide projectot . : } S -

2 Slide s'a",t‘-.'-tfor Lesson 9

s

7! - "‘%pecial Instructions :

T Tt G L SRR
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CONTENT. UUTLINE ‘

COUISO: -427,
Lecture Title.

Combuastion quluation
ustion System Design

NOTES .

I1I.

{
L

Describe what a "design. ‘flow sheet” would include.

en set.
"E. Describe the'design of the induced draft fan and sthk

\ .
Introductipn : ﬁgﬁ@‘
A. State the lesson objecéiveu . '
A. Discuss combpstion systems as a means of providjing enerqy
for a wide variety of end-uses.
C. Describe the influence which economics has in equtpment
choice.

’

A. Discuss the fact that requirements begin w}th energy
»  output as established by a "load"
."\1. Describe séveral loads such as electric power output,
building heating system gas-fired dryers, etc. "

B. Describg the influence of fuel selection, including
us® of multifuels where availability may be factor °

C.\ Introduce the importance of overall efficiency in deter-
mining fuel-flow rat

D. Note that forced-draft fan or fans can bélsized only
after a total air-fuel relationship has

"1. }point out that the ﬁ‘{r m%, esbure an emie
sien control hardwa uknce the des ;gn of fan and
Discuss design methodology. . stack
Ay Describe need to choose a fudl and, furnace temperature
1. Outline variables involved
*2. Point out relatiothips between heat transfer, excess
' air, etc.
3. Note the trade-offs inherent in point‘? above; use
’ example 4.1 as illustration
4. Introduce enexgy balance for asystem
B. Describe the energy utilization considerations which )
follow furnace design. ¢ i L
1. Use stéam boiler example 4. 2, rg. 4}? in student )
Manual - .
2. Point out the manner in which practical heat transfer
values limit temperatures. .
C. Discuss further relationships whidh would enter design
as emission control hardware is added ™ . 4
1. Poifit out energy conaideratfonnwhich might be needed
.« for different methods.
2. Particularly note induced draft and temperature
protlems with scrubbers. .

v - ) [

] ' . s

-y

-

/

‘v,
Slide 427-9-1

Refer to Student

. Manual, 4.1, p.

4-4 through 4-8
Slide 427-9-2

“ slide 427-9-3

SJide 427-9~4




- LESSON PLAN-

PUSNY | Fyven

TOPIC:  Problem Session II: v
' Combustion Systems Design

COURSE : _ 427, Combustion Evaluation
LESSON' TIME' 60 min.
PREPARED BY: DATE <

F. A. Iachetta ~ Oct. 1978

Lesson Numbef; Ip

Lesson Goal: The goal of this lesson is to proviﬂe the student an instructor-
e, guided opportunity to perform calculations important in combustion system
de31gn - . e
L.esson Objectives: At. the end of this lesson the student will be able to:
i v
“‘ ' calculate'the enerqgy required from fuel to meet an energy output;
., . « calculjte the furnace exit gas temperature for a piven fuel-firing ]
" ' artangément; and _ _ . ' .
' : _ T
calculate the furnace volume required to burn d‘given fuel. _ . . o )
N . i . ) o o ° . ’ ] '_
fstudent Prerequifite Skil(:: . Course 427, Lesson 9 : B 0
) S . . ) . ) .
Level of Instruction: Undergraduate engineering or equivalent o
Support Materialb and Equipment~ . o ' J' T | . S .

1. erkbook for Combustion Evaluation in Air Pollution Control Chapter I1.

2. Chal%board

3. 1d calculator or slide rule, | ot
9 Specialg nstructlonsx 'Assign Problem IT.2 for homework.
%i References- : k Y .,ﬁ;f/': 1_ v ... ; _._ o ) fJ B

¢’

ul. Cpmbustion Evaluation in’ Air Pollution Contrq;, Chapters, 2, 4, and 6.

T ' -
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" CONTENT OUTLINE

Coursé -
Leclure Title: Problen Session II

427, Cpmbunhion Evaluation

(&

*’44 m()“'d

3

. II.

[ . ' . “

'

Purpose ) ' . .

A.

.‘B'

Hethodology

A.

*Problem II.3:

State the lelson objectives

Note that this is an in-tructor—guided problem-solving

session intended to give students practice with materia

presented in earlier lessons, particularly Lesson 9.

1. The problem statements and computational sheet are .
~found in Chapter II-of tHe Workbook -

1

)

2. Tha completed computatid'al sheets for the 1nntructor

are found at the end of this lesson plan.

During the. clall .period, . guido the students ‘throygh the
l6gic and ‘calculations required ‘for the soPution of
Problem II.1l: Calculation &f Furnace Volume. .
Assign for homework Problem II.2: PFurnace Volume Plan
Review. _ 7

During the class period, guide the students yhrough the
logic and calculations required for the solutionge
Calculation of Furnace Gas Exit Te
ture.

Answers to Problem II.3 are to be confirmed during the
Homework Review period.

1

\
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/ | CHAFTER IT
) ; 4 -t N

L]
- L . ~ . .
E : . . " COMBUSTION SYSTEM DESIGN PROBLEMS -
"\ —-— v . .

PROBLEM 1I.1: Calculation of Fuyrnace Volume :
' L ] : .

3 »

Consider the design of a pulverized coal-fired furnace which operates ﬁiiﬁf"f”"—"xi
: . an average energy release rate of 25,000 Btu/hr per cubic foot of furnace
_h~*«___M"_WLMWHvqlume-wmmhewfurhace‘produces"aheamawi;hﬁgn_energy_OUEputhf 55 »x_»lO6 Btu/

hr and a thermal eﬁﬁiciency of 80%. *r - . . t

B ' Calc(iate: - '_; N .
. [ ;
_ 1. The. furnace volume for thg steam gengrator.
2 / .
) . s _ S : oo ’ . -
. * . ’ '

: . ’\ '\ [

. é Solution fgi Prgblem II.l: . _ o \g%t .

: :>'/ 1. Determine the ?uel;engréy inpﬁt required in order to realiz he

_ 'given energy output . _ '
- T \ ‘F . '\" ' ‘. ‘ '

;:_° | o 'Qg _i',55 X 106 Etu/hr' L\ : . ' _ S *
PR . | n ~.0.80 o N . i‘ I SN
T
.'V . .

£

. - N ) . . -' 6 .l ) .
¢ T . \ 6875 x 10° peusnr - s

N . - . . . B i "
N . - a P
. . % .

2. -Refer to Table 9.6 in the Student Manual, p. 9-10, to obtain
R : the average design value for the heat release rate of 25,000
e S . - Btu/hr ft~ ford pulverized coal firing. N :

A
-
'

TN | S ... P (68.75 x 106)
\ fj-'\ -~ "Furpace Volume .= ~ — - - -

oo Btu Btu
25,000 ——— 25,000
T I T TS
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PROBLEM 1I1.2:

J

Furnace Volume Plan Review

An industrial organization broboseu to build a 100,00Q unds-per-hour
steam generator. The fuynace is to be fiald by a chainyzrate stoker .
with continuous ash removal, similar to that shown in Attachment 9-4 of ~—
the Student Manual, p. 9-18. The furnace is 12 ft. wide (across the
front), 14 ft. deep, and 28 ft. high. The volume correspondinq to

. these difensions includes the superheater volume; which is small enouqgh
to be neglected in the calculation. The fuel for -the proposed unit is
to be the high-volatile bituminoug coal described in Attachment 3-11
of the Student Manual, p. 3-20. The steamaggne(:tot will require ft

full

..(_,‘v Y . .
-
.

-~

~

(11~2) T~y

tog -

¥

. 6 tons per hour of this coal to achieve it 11 'steam capacity.
. < [ .
) . 1
- _ Determine: . .
. . 1. If the furnace volume is adequatd. Ve )
A r R !
- -~ b '
. - . ¥
k Solution for Problem IE.2:
v i 1. Calculate the furnace volume using the dimensions given: ;
1 ) 1 - -, . - . -
- - Furnace volume = (length) x (width) x (hoiqht),~ (superheater volume)
~7 ' = (1 ) x( 12 )x( 28 ) - (°0.0)
) ) '
- !z 4,704 h\ft'1 >
2. cCalculate the energy release rate per cubic.foot for the speci-
fied fuel and design capacity. .
(coml firing'ratc) x (higher heating value)
Energy relea;e rate T ;(Furnaccqvpigme)
' < ' Y e
(6 x 2,000 1b/hr ) x ( 13,325 Btu/lb)
L I = - - 3 O ) o
. - ( 4,704 ft )
. : | ' 3
v = 34,0000  Btu/hrft
: ) O
B o \ e T
R S . . { _ : 5
_ ’3.' Compare the value Obgginéa"ébévé‘to that giyen in Table 9.6 on - ---e o e
0 _‘_ p- 9-10 of the &tudent Manual. - - & . LA /f

]
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PROBﬂEM I1.3: . Calculation of Furnqgg-uas Fxit Te@pcraturh

I .
' - A reheat steam gen QFor deblgn has energy utilization babod on the
total energy input {higher heat value) as follows: .
. 1. Energy absorbed in radiant boiler . . . . . o . . L. 49.5% ‘-_
- . ) i . A ? /
(; 2 Enérqy absorbed in convection superheater . . . . . . 20.8%
3. Energy absorbed in economizer . . . . Co. ) e e 6.6% .
. Y ¢ .
h é\gwﬁncrgy_abSQ:bed in steam vcheater . . . . . . . . . . 8.0%
S. Energy absorbed in air preheater . . . . . . . . . . 5.0%
. , ~ - ,
' 6. Furpace heat losses . . . . . - . . . .. . . . - =~ 3.03% .
7. Flue gas and other lossés . . . . .« . . . . .« . . 7.1%
¢ _ y
- L ' 100.0% .
‘ Tho unit is fired with pulverized coal, using the coal described: as the . i
" "as received" coal listed in Attachment 3-12 on p.s 3-21 of the Student N
Manual. The unit operates with 15% excess air} and the .combustion air b
is prcheated to 300°F. - v - ¢
valculate: . o s
' . N . . ( -~ . . . ) )
1. Thé'temporature of the gas leaving the fugnace. : "]r\o
. ’ . ) ) < :
. . : Solution for Problem II.3: S ' &
v o : v _ . o ) *
} 1. Determine the theoretical air required to burn the coal speci-
~ fied, using Equation 4.1 ,9n p. 4.4 of the Student I‘pual. .
 The coal is 75% carbon, 5 hydroqen,-2 3% sulfur, 1.5% nltrogen,
6.7% oxggen, 2. 5% m01sture, and 7.0% ash.
: o _ - 02 _ :
» ' . .. Theoretical Air = A_ = 11.53 (©) +°34.34 (B, - ) + 4,29 (8)
| | e | R | b6 . . -
. ' : .o =" 11,53 (.75) + 34.34 (,05- 1=-) + 4.29(.023),
L . : : : : - 8 A ‘
ﬂlj; o = 10.18 ibs per 1b of coal ™
: X
N > . K : | ) o - ‘ | ' ) |
. ... o ~' R . . 104 . . . Y] .
_ L . o . ‘ A \ _ : . ) T
o N .
-, . . -.' . \. » o T )
| - 10-5.
A S L . N .
A A o ' ' . 2 L \
,1_“_..,,-“.,.,(,,,*&_‘_.%.“.4,%‘3.*.‘ Sy el PN ¥ 14




T :

2. Calculaf_ogtotal,air. " .M

Total Air/ = A, = 51.0 + -—1-6—6-) A

S A |
_ . ' 15 n

- (1.0 + —) x (10.18)

r . 100 .
- (S . S

S . i | 1#-71 1bs per 1b of coal.

4

. 3. Estimate the amo Lof flue gas producsd using Equation 4.2 on
D _P. 45 of the Student uamnlx S

Theoretical flue gas = G

-

»

- | = (mg - noncowbustibles) + m'
\ _ : . ! , : . .
L \_,/ Choose 4 basis of one pound of fuel, s0 that mg = 13

-y & = (1.0 S Ash o, (10)‘xA '
S - - 100 ) t -
. . : . 7. . ’ )\
- (1.0 - ——) .0 ) |
, (1__ =) 1 ’i (10.18 ) A

= 11.11 - ) gas per 1b of coal . \ ' '
- . v . N * ) ‘

) L — - s\ EA
1~ Actual flue gas = G, .= (G + AE.) = G + o0 x A,

X ;\)/)‘ | _ . -4 = (11.11) + (rlo% ) x (10.18))

- r

e . o o m -12.64 . - 1bs gas'per' 1b of coal.

i a

\ .

: 4. Calculate the useful energy. Que absorbed in the furnace region

I % (radiant boiler in thu case) e [ _ » _

L L e ‘0, = (fraction of energy absorbed in radiant boiler) x (HHV) |
. e 0:495 - x (13,0000 0 - - ;

o T .. . . ‘ - - . . ) )

T im 6,438 - {Btu/lb of coal

®
AL : - N .

L wea [ dos




L)
5. Note that 2, is a{so related to the energy input as follows: . \
'Y L ‘ "
Oy = (lower heating value) - (losses) - (energy in the gases
, o _ I ) leaving furnace)
which is given by Equation 4.8 on p. 4-7 of the Student Manual.
N » o ’ _ . . .- © )
.’-) .

. A ' a. The energy, H, .is obtained from :

t .
l’ H = HHV -'energy of the water in flue gas _ =

-~

= HHV - Q,

where:

water in flue gas = 9.0 x (H, in fuel) + (as-fired
t - - moisture)

‘ | _ = 9.0 x ( .05 ) 4+« (.025 )

¢

i

. . ) - ~
. : 0.475 =~  1bs H,0/1b coal
- P S _

»

" and the energy in this water is .. - : i g

\\ N o : : , ‘ .
) . e ) Qy - (1bs of water per 1lb fuel) x (latent heat of:. C

= v , vaporization)

" 1bg H,0 -
(0.475 . ) _——_2__ x (1,000 Btu
N 1bs fuel ) 1b

.- .

)1‘-"J' N - _- B s = - 475 . Btu per lb.COaL.' o ' :“,

: ..‘ . ~ . ] .. -- ‘ -

N ' - e , . . .
| T M = mwv - g N

',"1. - . . A B . > - . ) 4

_u‘.:-

(13,000 ) - ( 4715 ) | 8

LE ;2f525vfl.Btu per 1b of coal )

. . ’ i . ) . - ) R ’

106 .
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~ i . - / [y
o/ A -

b. The losses, QLf‘\'\are:

/ .
' N - . F/
A Q, = fraction of energy lost from l\urnace x (HHV)
. «- ( .03 ) x (13,000 )
- : A - 390 Btu per 1b of coal
. _ : /
- - &- )
———semgms o o e = e, -The -frnace gas temperature-is calculated by substituting . -
' values obtained from Q,, H, Qp ., G together with a :
. value for Cp = ~0.26 Btu/lb °F anda t, = 300°F:
. 4
- | S o
Q, = H = Q9 - G Cp (tg - ty) >
. ‘ ' .
(6,435 ) = (12,5254 - ( 390 )
a R : . ’ ;
| C - 1264 ) (036 o) (ke - 300) -
. \
therefore: ‘ \» '-
. . . ,
N ¥
; ‘ . - ks
. ’ . i . .
. ’ P C g
‘.{'Ll -, ’ > ] *
’ S : <
] . -»
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LESSQN: PLAN - - B

TO Pollution Emissions
' Calculations ¥
+

couas£§ 427, Combustion Evaluatiqn

LESSON TIME: 45 min.
PREPARED BY: - . DATE:

F. A. Iachetta Aug. 1998

. Intended StﬁdentrProféssidnal Bgckgroﬁnds: Engineers, technical staff,
- Support Materials and Equipment : ' o ) K o
L 2. -.Slide éq; for Lesson 11

.Special Instructions: ~ None

“References: . . . .- T0 oo - e

L

Lesson Number: 11 : _ I e ’

Lesson Goal: The goal of this lesson .is to provide the student with basic
definitions relating to emission standards and to provide them with an
ability to make emission calculations employing emission factors..

Lesson Objectives: At the_end of this iesson the student will be able to:

describe. the hﬁtuxe and origin"Bf most of the pubfished emission factors
and state what is necessary for more precise estimates of emissions from ,
a specific installation with specified design featuresj; - o (]
_apply the ‘prgper metﬁod for using emission faétofs to *determine Bstir
mates of emissions f;ﬁ& typical combustion sodrcés; .
‘ h}- - - e
define and distingqish between concentration standards (C,g and Cpg). _ _ oy
pollutant mass rate standards.(?MRs); and process emission standards (Eg).

h.

/ -

~ Student brérequisite Skills: First-level cdllége chemistry, algebra, physics

(heat), and Course 427, Lessons 2 and 3. 3
Level of Instruction: Undérgraduate engineering or equivalent | -

—— N

regulatory officials, and others who work in combustion-related areas of:
air pollution control. . ° o - ’ ' Vo R RN
° e - ’ : ) '. ' . . ‘ . R :

L . - \
1. 'Slide projector .

)

1. Combustion qulﬁgggonlig_Air“Pollution Control, Chapter 5. B

.G.
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CONTENT OUTLINE { w% it

"Course: 427, Combustion Evaluation

) Pollution Emission ¥ 1, " :
Lecture Title. Calculations I | AL ppot® 5 .
I. Intrbduction “ ~ ' . ’ \

A. State the lesson objective

’ I1. Definition of various standards

A. Discuss the concentration standards
l. Volume standards

Slide 427-11-1 .
Slide 427-}1-2
Slide 427-11-3,

a. The symbol %.d is CVB 4 Slide 427-11-4
o b. Quantity of pollutant per volume quantity 7 Standard Pg, Tg
—_ .. L . at. a specified temperature QRF pressure iL 29.92 in Hg, .60°F
c. Examples to present: ' or 760 mmHg, 25°C .
. 2 {0] ug/m3 for .ambient S045; . ey e ) .
v 75 ug/m for suspended particulate
d. Other volume standard unitg can be grails/scf;'
‘ . lb/sct
v 2. Mass standard .
a. The symbol used is Cpg BN f‘

b. Quantity of pollutant per mass quantity of
carrier gas .
c. Units could be 1bs/1,000 lbs. gas, g/kg gas, etc.
B. Define the pollutant mass rate standards

1. The symbol used is PMRg R
2. Standards which fix the time rate of emission s
3. Units could be 1b/hr, kg/hr, etc. ’
y C. Describe process emission standards ' Refer to Student
'l. The symbol used is E ’ Manual, Attach-
2. Standards which fix the maximum emission permitted ment 5-1, pp.5-20
T o for varioug kinds of processes ' ' ' 1
3. Such standards can be based on either input energy ,
or input raw material to a prqgess : @E
"4 Examples to present: = .
a. Combustion Bource standards with allowable mass
of emission per energy input (expressed in S : 1
N millions of Btu/hr or million of kJ/hr) R o,
b. _ New source performance standards for a power. .
. plant - ! ¥
III. Emission Factors = Stationary Combustion Sources / _
' A. Define the emission factor with particular attention to Refer ta Student
the need for careful qualification Manual, p. 5-30
1. Tabulated 1n£ormation appears in AP-42° Slide 427-11-5
2. These factors are for systems without pollution con- Slide 427-11-6
~ trols ' - : . -«
3. The meaning of the ratings A, B, C, etc., as met . o ’ A
~ forth in AP-42 need careful explanation *hf )
4. SOy is essentially fixed by fuel sulfur content, while ,
other emissions can be influenced by the design or . ' N
' operation of a system Slide 427-11-7 . . s ',
‘ B. .Outline methods used to estimate uncontrolled-émissions Slide 427-511-8 ‘
' ‘. 1. Basic chemistry indicates that 40 S is the maximum Slide 427-=11-9 - _
. 802 which can be expected from a given fuel such as * | ‘g1ide 427- 11-10 S
: bituminous coal . .
+ - 2. The S0, emission factor is 38 § o ' s:ggg ?op?tgdsst g

' - ' : a. Thil ‘is a lower value because of: .
_ . ' sulfur in bottom ash and S0, produced
R , -7 3, ' Coal ash pnrcontaqo can be used to calculate an
. - .. . uncontrolled particulato emission for a spreader '
: - e ltokor _ s ;{

S1ide 427-11-11
Slide 427-11-12

e
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Course: - 437, Combustion Evaluation é’
Lecture Title: Pollution Emission

Page_4 __of 4

NOTES

AL ppott
Cglculatiw I *

’

Carefully point out the influence of particulate size

dlvtribution on collection efficiency ' :

1Y Size distribution of an input solid fuel has a direct
influence on particulate sisze distribution in the
stack gas ' .

2 Particulate collection dev col' have different

" afficlencies for different density. PEmpha#ize that
. ection efficiency varies with density

3. article size ‘'vs collection efficiency b

)

) -
\ .
J
\ M.
. o f i
) s
&
‘ "h ‘
wd
] k\ R
/
[3 ?tl'
[
Vv
iy
\ {
+ \"

M

Slide 427-11-13

pata based on -

Pp = 2.7 g/cm3

£
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| \ LESSON PLAN . ~ L

.

TOPIC: Projgjem Session II1I:
: Emissidn Calculations 1T

)

COURSE: 427, Combuﬂtlon'EValuation

LESSON TIME: 45 min,
PREPARED BY- oaft

. F. A. lachetta Aug.’ 19&&

" Lesson Number: 12
v ' g . ‘ - . - N
* Lesson Goal: The goal of thig lesson’is to provile the computational
" methodology used in estima rng the amount of air' pollutants,and the degree
" of control required. . _ -

¢ . Lesson Objectives- At tH.'end of this lesson the student will be able to:

. use average emission faotors to estimate the’ emissions from’ typical combus-
tion“installations; - , .. S . : '

2 > ' l “ . < L 4) K
calculate the degree of eontrol required .for a given source to be brought
intOjcompliance with a given emission standard; and _ ‘k .

. . Yy -t S

perform_calculationg. using the re}atibnships between anticipated SO, . - ¢«

- emissions and the sulfur. content of -liquid and solid fuels. T

Student Prerequisite Skills: .é¢1139e' beéiuszzourse 427 Lésson 11

Level of Instruction: 'Un’der ra&uete eng'{a{:;ng ox, equiﬁlent
. _ -

o Inten d Student brofessionai Ba rqunds? gineers, technical staff regu-
EEE S ory officials, and others who

rk in combustion-related areas of alr
pollution control. ‘ p S

g Suﬂbort Materials and Equipment- : : 3% ’,' | -\

1. Workbook for Combustion Evaluation in Air Pollution Control Chapter III. .{

- Special Instructions: : This_is an'instructor-guided problem session, ‘ \\ . t¥”a1

BN

References:

.. 1. Combustion Evaiuation in Air Pollution Controlh'Chapter 5. S I

e
+
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4
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CONTENT OUTLINE

Course: + 427, Combustion Evaluation
Lecture Tille: Problem Session III Y24, mmtd

. .

(&

4

Poge _2__ of

NOTES
 —

»

i~
.

.

:a* b
Purpose .
A. State the lesson objectives. \
B. Note that this session serves as .an. instructor-guided
work session, which provides the student an opportunity
" to apply dafinitions set forth in Lasson 1ll.

1. The problem statements and computational sheets are

~ found 1n Chapter III of the Workbook.
2. The computational sheets with correct answers for
N the instructor are found at the end of this lesson
plan.
Methodology

*A. During the class poriod, guide the students throu the

logic and calculations required for the solution td each
part of Problem III.l: Pollutant Emissions from Coal-
Fired Power Plant.

B. During the class pericd, guide the students throu
logic and calculationa required for the solu
Problem III.2: Fuel Sulfur Limit Calculation. -

\ 1. Discuss the assumptions which were made and how

actual variations from these assumptions would
influence the conclusions.
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CHAPTER II1"

FEMISSION CALCULATIONS I

noo o : S
. R : ' B ' . /
* + N PROBLEM IIT.® Pollutant Emissions from Coal-Fired Power Plant

-

n -

t S

e 1 ‘\ A . // R
N Plans call ﬁor a SQQ MW power p}ant to have ‘a dry-bottom design and to
" burn pulverized coal. The overall thermal efficiency is designed to
be 34%s. The coal specified in the plans contains 1.3% Sulfur, 22% ash, .
+ + and has a 12 S00 Btu/1lb HHV. T i : T

- w - ) - »

[y

\‘ [ \ lg . ] . ! .
o combter " | s . ) y | _ . )
v . - N e ! . '
ol 1. The inpﬁt pnergy required when the unit is, oper at the rated
- bappcity. o : ) . )
SR 2. ‘m{coal firing rate at the rated capacity.
v 3 3 l . . i '
3. The pollutant mass rate for emissions of: - * -

: T - ‘ ’ . . . .- " B : "
802 e - ) . - -_
o _ " o oD AN
" b. _Particulates L . R _ __— R Pl
X - - - BN N ot ¢ * ‘. . - P . .. ’ -
) T : c. NO, e e v o : . T N :

: S C g : ‘ T4 Co - _ . <.

d.. HC SR S o

T AR e. CO . . T R : B ._’- .

.

. N 4"\4 '1119 process em_i-.ia‘iéhs pg"r million Btu of e.nergy'--input for Lo
Ca ".. . - | o ﬁ ) J ”-. . . 7 . " o . . | | ) - ._',.

:,. . - _. . - : "~ 1fl:.:.‘: .;;. _.aﬂ . 802

., Par icul;tes L et SR - > .
",_"J.ha degrea ot contrOl fequired to meet a 1 2 lb 802/10 Btu per-

'_-.'.formance standard for gbz.'. R S o .

'l'he dagrue,of controi required to meet a 0. 1 ],b particulate/106 ,
‘_.Btu porformance utandard for particulates. PR e

. DR A l L
REY t g ) . _ )
.. T 2 - S S

N R '




2 Solg_tion' to Problem I1I.1: \\

[

' . 1. Plant electrlc output rating and thermal efficiency can be used
. . to find energy input from Fquation 4.9, on p. 4-8 of the Student

Manual A

j -y . - l - ..

LN ' energy out . @
Q, = energy in = : = 5
A H thermal eff N

P ¥ .

-'( NS x 3413 x 103 Bty

S 5,019 x 108  Btu
S : NI : hr \
F . . ‘ ) _ .

[

~ 2. With the value &f ,Q, and the coal HHV, the coal-fIiing rate . \
.- is given' by: " : .
o , R ) . .
e i e ‘ | - | . . . 6 ) Btu - L
m = cpaitrirea, °R o 1 M B e R T A
cn- E 2% ' hr JHHV per ton . (33 500 ) Btu x 2 00 b
3 ) . ) ’ ‘Is‘ | ;_' ton .
% . . ) . . ’ . ¥
/“ , ; ~t - ’2(01 m - . o .
. : yj———— hr cL . »
' R , » . ’
b IR L 4 : )

. 3a. .The pellutant mass rate for S0, .can be obtained using the coal- firing M
. S ate and the emiasion factor for S0,- (refer to Student Man L} p. 5~30 '

o . for emission. (?ctors) .- o .
S - ' ) ! ' ' ' 7‘
S ' 1b 50, “  ton coal _ » ' 3 S

i . . o7 (_pMR)SOz nE 38 .x _S ton coal X mf . hr ) . B . . R .§

$ ‘ L | N ‘
3 \ 1b 50, - e .
D 103 ) = x (201 ) fom coal v .
e ' ‘ton eoal S L ’
A _

- - . e : .
.. R . e v it i et e
¥ ! e . s ot . ]
‘ RY N . -t . .
. . . . ) *
. \ . . ] : ) . o

(:11-2) -‘- e o

e 12e 0 - I L
¢ . S . oy . . Tal, , Lo et
" . N . . v ‘.. " - - . .

. -
S
%




.o “ - .
b. (pm) . - 17 x A lb part. mf S’(‘)_n Coal
. ] ton coal hr - .

’ .
. . Iy )
- o
{

- ,” x (' 22 %) lb part. x ( 201 ) ton coal
' * ' ton qyal ~ hr

\ - 75,174 - 1b part./hr

[} pe

- \ - .

AP 1 Pl = e e oy AT R de _,._:.g..,‘c. ....,..;.x “Simrr&"fl‘y‘ ' .;h_tﬂe“ Amgh.mﬂ.-m.).p(....-wﬁImém_~-—~.;.w.m...,n.....-.m et e AT yne: 3o . ' i ’, .
’ ‘ 1b NOx : ccoal -

(PMR) = 18 x mg ton:coal .

4 NOx ]' ton coal ) hr - N :

1b NOX x ( 201 ) ton coal

ton coal hr

= 18

= _ 3,618  1b Noy/hr B

. Similarly the PMR's for CO and HC are: : G

' o T toME . ) oy 1b HC . toh coal : ] N
S d.  (PMR) . | ( 0.3~ )'ESTTEEJ}’X me SEESS I Z:i¥*
N r_/ ) . ) - ' . : ' J
= (0.3 ) :&( 201 ) 1b ge/hr | |
N v P ! ’ ) . ’ - R . '
e " . \ " ' | -
= 09{3 _1b HC/hr * . - : _ _ - o

»

N \ . - . ’ : )
y o o, toncoal -
-7 ton ceal . Shroo e T

C e

201 s - 1b 'CO/hrb' ‘_ o S ) . S . :

- . A
- . - i . . . . ! . g
y . e St . . . . et o
AT . i . . T, . . ) N <
. N y Y s e .
M . SR x ¢ . .
e . .o f .. B . . ) - N :
' i . ., . » . o e st . . .
. “ . . o . . R N AR
g 3 v ' . . ° Y . .
v N . - . R . - . B -
s ¢ . f i " O T
e . t . . R .
. . . .. 2. - ‘., v A - .
- . . . . - N . Toa

S
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4a. The SO, procer emivsions per million Btu encrqgy input will be com-
puted from the $O, pollutant mass rate and the iwpwt cnerqgy rate:

4 b
| L ¥
. *  (PMR) 50; - , ‘
o mop s W .
. Qn : -
. . - o .- '{"
.~ v 1b S0y "
- - (9,929 ) ——=
- = hx . \
' i : 6 Btu * . ~
B0 x 100 R
- - 1.98 ib 59,
. -~ 10% Btu
¥
b. 'ﬂuzfmrticulate emissions per million Btu ;Rergy input will be
gomputed similarly: . S ) -
' . | ; . - .
L . . (PMR) part | SN
e G
i
: 1
-\ . : o
_ . < . ‘ 7 | .
' A ¥ (75,174) 1b particullates/hi . -
- = A\
% (5,019 x 10%) Btu/hr A )
~ N . ‘ . - ‘ .
' 1bs ‘ » : .
. 28 Lapt _
//n\f\q . . 14.98 - part ) ‘ ' |
. . . ' . - i 106 Btu - -
| ’ 4_. ) . . . . 3 N ) . ’ - \ 1.‘
- . . 5. -fhe Computation$ presented above can be used to ¢ompute the degree '
-t _ of “control required to meet a given emission standard. , For this
\' L . problemgthe performance. standargs are listed on p. 5~20 in the6Studeqt
o ‘ Manual. For %a solid-fuel-fired power plant which is 250 x 10° Bru/hr .
L, S or larger, the SO2 standard is 1.2 1b 502/106 Btu. T S )
S Lo _ From above the calculated E802 = 1.98_“**_1b'502/L06 Bty
<\ | IR . T t - \f A : ; !
. e . _'Therefore, : - o _ .
L CNeL
. .' -.-. '\_ - .1 "~ . )
- . . ‘ ) ! K SO
T & (T11-4). . |
N z \. o £ ammg i oy ..‘.‘C.‘..._..,.‘. — . “*_.‘-’ . . ~ _ _‘ e s
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DGI dSiﬁiiafi& tﬁ;-paftiéhi&tés'Sféndéfé'féHO;I'lb/ibs Bfu ahd.jhé

:

Byoy - Standard .
. X 100% - _

. =< -/
. \ B N ,

L)
A

¢ 1.98 ) - 1.2 )

a—an

needed =
Fso, -

N

n‘ ——t— X 100‘- N -
1.98 :
K 98 ) |

A . -
_% reduction of thé
uncontrolled value e
. 'S /

o | : , . . :
e R

= 39.4

estimated uncontrolled particulates was
N e B
“ A . » .

) 1b particulates ‘

= .
‘ }O Btu . —
|  Boaee - Standard =0 A

. vart - Standar ' '

-» _Par x 100%

Degrée'of control needed = 3
: Epart *

Epart -~ (14.98

T . (14.98 ) - .1

““f(‘14798 "

100% .

."‘. . v . . \\
|- - ] . .
.. L Y
. ) * = 99.3 . % reduction of the | -
i —
' uncontrolled value -
- < : < |
- V- N . S . . "
‘ ' ~ _;:.
b e ﬂ . ¢ ' “s ‘_ 3 !
} . - -
< ¥ N * ‘\’\ :“. ‘ot
» - = ks \'..“

‘
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PROBLEM III.2:  Fuel Sulfur Limit Calculation
)
A 22;le9reg API fuellbil is to be bhrned subject to a maximum SO2
emission gtandard nf. 0.8 1b 802/106 Btu input. *
St - -
N .
(""" Detegmine? \ L ‘ | ’
o L. The maximum.sulfur .composition of the 22-dgree APT fuel oil
' ’ “which meets the standard without flue gas desulfurization. \t
) . ' -~ b Y
Solution to Problem IIX.2: a
-~ ° ) . ‘ ~
B From Student Mg%ual, Attachment 3-5, p. 315, find:
A W . . . \ N . . N - -~
\ total heat.of combustion at constant volume = 19,110 ° Btu/lb
] . - ) \ '- ﬂ . ' . &\ )
h\’ : One should note that SO, is 1/2 oxygen ,and 1/2 sulfur hy weight. S
' ’ - . 4 : .
i N R : \\ A
-Thereforeg ; IS SN
J y -
| ' .5 1b § (0.8 "1b SO5) (19,11 ‘ .
. Max § = ———— X - m 752 x ( ! 01) Btu -

L ‘ 0.0076 n 5
S y e by 0il = :

B - ' "0.76 %+ § in the oil "
N - | _ _ - ' -
%:‘.\ ‘ \ L ¢
PR ) /
‘l ) ™~ e

ey

o amee) .
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) ' _ - LESSON PLAN o .

TOPIC: - pollution Emission
Calculations II

—

COURSE: 427, Combustion Eval%ion
LESSON TIME' 90 min.
PREPARED BY: DATE -

F."A. Iachetta . Aug. 1978

Lesson Number 13- ' _ .
Lesson Goal: The goal of this lesson i% to provide the student with the compu-
\ ‘tational methods typically used in determining excess air and in correct-

‘ ~ ing measured concentrations to a standdrd basis.

Lesson Objectives: At the end-of this lesson the student will be able to:

. . » . . _ . -
identify the proper equation for computing excess’air_from'an Orsat _ :
. . analysis of.the flue gas of a combustion installation; . o ‘/ib//f* ;
- . N ' L : “ : ‘

state the reasons for expressing concentrations at standard conditions
of temperature pressure, moisture content and excess air;

. identify and use the propetkféctors for coiircting field meagplements .
- . to a standard basis, such as 50% excess ai 12% CO,, and 6% 02;
v LY r

use F-factors to estimate emissions from a;éomhustion source.

Stu&ént Prereéuisite Skills: Course 427, Lessons 1l and;12; o ; o . e
Lével of instruction: Uﬂdétgtadu&terengineering or equivalent
f Intended Student Professional Backgrounds- Engineers, technical stﬁff, regu-—>

* - latory officials, and others who work in combustion-related areas of air
pollution control -f:-f"” : S e BN

"

Y

Support Materials and Equipment,
1. Slide projector f:f RN : S RICIIN : S v

20 81ide set for. Lesson 13. e ._ u:JTf

-_;'Spqéial Instructionsx_ qug.. ;_ o B e o L e

i § va = vt i o myebe e+ eammirdm merd v ke £ Ty s e o 0 b o —cam e M et = e



References:
A

1. Combustion Evaluation iﬂ.nir Pollution Control, Chapter 5.

2. "Requirements for Submittal of Implementation Plans and Standards
. for New Stationary Sources," Federal Register 40:194, Part V (October 6, 1975).
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SLIDE NUMBER - TITLE OF SLIDE
. - % - ' '
LESSON 13: POLLUTION EMISSION CALCULATIONS 11
~y - v— N it
427-13-1 GAS VOLUME CORRECTIONS
427-13-2 GAS CORRECTIONS FOR CONCENTRATION . \ .
427-13-3 GAS CORRECTIONS FOR DENSITY L/

427-13-4 “EXCESS AIR CORRECT oNsS /

T 427-13-5 - CORRECTIONS TO SOZ- GESS AIR

) [

. 427~13-6. CORRECTIONS TO 12% CO

- 427-13~7 '__J;; CURRECTiONS TO“6X O2

427-13-8 EXCESS AIR BERCENT

4?7-13-9__ ‘ ”*_ EXAMPLE WITHOUT EXCESS AIR -
T 4257i3-10 e h? WITH EXCESS AIR _.' : f;ﬁﬂ-f-';'

42741311 EXCESS 'AIR: FROM ORSAT ANALzsxs  ;-3‘ [ e
L 427-13-12 SAMPLE OF ORSAT. DATA APPLICATION LT - ;i‘ R

» . * ’ R
- L : N 0o
. ) ’

. 427-13-13 L CALCULATE x EXCESS ATR

¥

' 427-13-14 | EXAMPLE PROCESS EMISSION STANDARD

e 427-13-15 j o DEFINITION OF an :E" STANDARD PROBLEM g _'-lg) , : :'_-<‘
o 4274134;67. N SOLUTION OF SAMPLE "E" PROBLEM .;ﬂjf o g SRR . f““*f‘”g'f

B 427—13-}7.f_" - ALLOWABLE EMISSION | S g |
.nﬁmﬁdfff mmqunwmmRmn_'  }TV'.i:ﬂj;
S 427-13-19 T F-FACTOR CONCEPT L e |
R ;_7427—'13_'-'20 L __m;ss:rou m_ ggmgg._fbé F—FACTOR'i | o

'-f427¥i3f2f: L “EQﬁATioNs Féﬁ-Fﬂ;FAéfbk | - B R

Wi 42713222 .. EQUATION FOR F FACTOR L

427-13-23 f TABLE OF FnFACTORS “Hf iy

. 0 . L s N




CONTENT OUTLINE 7z, [*

™ Course: 427, pocgfb:;uo“ e liuntion i‘% T—
. utio ssion 2,
v Lecture T/Igek. m1 ons II 10 prott
I. Introduction !
_', A. State the lesson cbjectives
_B. Outline the lothezrfor correcting volume field sure-
ments (at actual temperature and prouluro) to standard
. Ppressure temperature.
1. Concentration standards are balod on pressure and Refer to Student
‘ temperature lfandardl Manual, Chap. 5
s 2. The equation for correction of volume (measured at
field pressure P and temperature T, .} to equivalent Blide 427-13-1
. volume at P, T.. "Equation 1 "
. \\ ) 3. Necessary nomenclature and equations for corrections’ Slides 427-13-2,3
‘ . of concentration, C,, and of density, p. Bquations 2 & 3
_ C. Discuss the basis for corrections of concentration glide 427-13-2
. which are developed in terms of 50% excess air, Equations 4, 5,
128 CO, 6% Oy, etc. 6, 7, & 8
1. . Parameter selection was originally based on a Slides 427-13~4, 5
‘ “reasonable" value for a wide variety of combustion 6, &7
AN equipment | Equationl 11, 12,
- 2. - Effective standardf eliminate dilution as a solu+ 13, & 14
tion to pollution a
II. Thg Chemistry of Excess Air 7 }. Slide 427-13-8
- A. - Blaborate on the basic chemistry of conbultion with ' e
| eXxcess air ' e
e 1. Basic stoichiometric relationship for the conbultion : Slide 427 ‘3-9~
; ' of carbon by
o N4 a. Air is assumed to be 20,9 Op and 70.1% N2 .
= ’ b. The above noted volyme proporxtion is simply. .
‘ another way of stating that O3 is 0.264 times N,. %
R Use information on 8lide 427-13-4 to 111uutrato \
¥ equivalence cancept. - -
2. Introduction of excess air into the combustion pro-
e cess.
. a. Excess air simply passes throuqh the process
)} ° and re-appears in stack gas. Note that CO2 and
: N2 in the theoretical case do not ohanqo with- P
. excess air added
b. fhe effect of nitrogen in tho !nol 1n£1uonco on "
the stack gas nitrogen :
B.  Discuss the Orsat analysis
1. The chemical equation should be recast to include 81ide 427-13-10
a term for the oxygen the nitrogen in excess air. _
2. !h. effect of CO means increased Oz and reduced CO 8lide 427-13-11
for a given fuel. fhow that excess air is based on : )
. oomplete combustion; i.e., all carbon axidisod to 4 -
o €O, and all hydrogen to water. . ' _ '
3. !ho use of Orsat analysis to oonputo excess air , 81ide 427-13-12
: ' should be illustrated. . : 8lide 427~13-13
. ‘a. §0 must he measured uparatoly und ( oduct.d g
: L ~ from observed C02 nonlur-n.nt co2 gent-
o , /v also absorbs 803. . , , .
A b. The  degree of ruolut:ion for an Ornt alysis N
S : 1s 0.1, . .




CONTENT OUTLINE e |*"rte
e n 'ﬁ »
e "(]1[ s;
Course: 427, Combustion Evaluation M‘} —
. Lecture Title: Pollution Emissicl)n Y2, PROVES
Calculations
III. Discussion of Computations
. A. Process rate standards
. 1. Introduce a particulate emission standard based on Slide 427-13-14
') the energy input to a combustion system as one
example of a process rate standard . -
a. Data ip needed to define a a‘tuation where Slide 427-13-15
L o ) the standard presented would be applied.
. ;?q " b. Computations should be outlined Slide 427-13-16,
<; B. Corrections for excess air, CO3, and 09, 17, & 18
' 1. Present and discuss typical data for a boiler Refer to Student
-plant stack effluent. Manual, p. 5-9
a. Field measurement would be made at an" actual '
temperature and pressure.
b. Apparent molecular weight of stack gas can be
determined from flue gas analysis.
c. Mass rate of pollutant flow would be found
) from an appropriate measurement and would be
£ield data.
2. Illustrate calculations required to correct con-
centration based on field measurement to equiva-
A lent values.
a. Corrections are made to a standard temperature, Refer to Student
. N pressure, and dry gas basis Manual p. 5-10,
b, Use of an excess air correction factor is needed. 5~ 11
for 50% excess air.
: c. Computations of correction to 128 CO; and 6% 02.
C. Use gf F-Factors
1. Discuss the nature of the F-factor in comparison - Slide 427-13-19
with previously developed excess air correctionsig
. A E = Cvs Qs
[ . . QH . ) .
) ) where Cyg 1s the concentration, Qg is the
/. N stack gas volume flow rate, and Qy is the heat _ *
- . input ratb. o ' 1 ' )
e o . b. Show that : :
S!ELE!. - C.. F | 20,9 y Slide 427-13-20
: OH ve, 20.9 - \Ozp L -t
where F 1is simply ' Qu/Qy and the bracketed
. term is an excess air correction.
. ‘c.’ F-factor method is directed to calculation of
. L partic:}ﬁte emission levels from new sources and | -
oo _ requireé only Oy or CO; content of stack be moni—
: tored in addition to pollutant concentration (1).
T o2, Introduce table of F—factora ‘and summary of equa- Slides 427-13-21
: -1 . . "~ tions for Py, F, . o T427-13-22
o 1 3. Describe errors which can result from use of F- - 427-13-23
N Y B - factorss’ : ' '
o a. Variation of Fvfactor due to variations of tuel -
rr\\§\ o ~ ultimate analysis _
NP L:f- | e f_ . 13-5 L :
' L - ' Ka— g ‘ -

1[;3€ztl”':f :: » - .: k ‘:i.: {.,
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CONTENT OUTLIRE 2

Course: 427, Combustion Evaluation
Lecture Title: Follution Emission o P m‘
Calculations Il

Poge

6 _of

NOTES

N

b. Effect of 1ncomp1ate combustion

c. Erroneous O,, and CO,, values from Orsat analysis,

an error ulng inhercng in earlier methods
d. Reduction of CO7 content of stack gas when wet
sorubbers are used.

.,
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LESSON PLAN SN

’

P

TOPIC: Problem Session IV :
© Fmission Calculations II

» 9 .
COURSE: 427, Combustion Evaluation ‘ - x.

LESSON TIME: 60 min.
PREPARED BY: DATE :

F. A. Iachette Oct. 1978

\Lesson Number : 14 ' ' _ -

Lesson -Goal: The goal of this lesson is to provide the computational methodology
required to reduce field-measured data to a basis that permits comparatLVe
evaluation with gtandards. _ )

" Lesson Objectives: ' At the end of this lesson, the student will be able to:

-

calculate exceas air, given Orsat analyeie‘ﬂeta;
calculate corrected emissions based on' standard% specifying 50% excess air,
128 CO5, and 6% O5; and

\

- ' “ . .
" employ Frfactor to estimate emissions from'e combust ion source.

. Student Prerequisite Skills- Course 427, Lessons 11, 12, 13

”

. Level of Instructionz Undergraduate engineering or{equivalent

- ‘..

Intended Student Professionel Backgrounds: Engineers, technical staff, regu-
latory officiale and others who work in combustioﬂ-related areas of air
pollution control.

Support Materials and Equipment: s - o .
. . \ . .
1. Workbook for Combustion Evaluation in Air Pollution Control, Chapter IV. .

2. Chalkboard.
3. Hand-held calculator or slide rule.
Special Instructions: - Assign Problems VI.3 and VI.5 fgg homework.

‘References: L R : o

A}

7/1, Combustion Evaluation in Air Pollution Control, Chapter 5.

14-1 .
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.




"CONTENT OUTLINE &

a(nmﬁ‘

427, Combustion Evaluation
Problem Session IV

™ Course:

Kl
l * Lecture Title:

I. Purpose

A. State the lesson objective,

B. Note that this is an instructor-quided problom--olving
session, intended to give students practice with the
material presented in Lesson 13. *

1. The problem statemsnts and conputational sheets are
found in Chapter IV of the Workbook.
“Thé computational shsets with correct answers for -
_the instructor are found at the end of this lesson
plan. >

I1. Methodology )

A. During the chass period, gulde the students through the
Jogic and calculations required for solution to Prob-
lem IV.1l: Excess Air Calculations Based on Orsat Analysis.

B. During the class period, guide the students through the
logic and calculations required for the solution of
Problem IV.2: Use of F-Factors to Compute Emission
Concentrations. .

C." Assign as homework Problem IV.3¢ Calculation of F-Factor

'D. Assign Problem IV.4 to ba done by the students during '
the class period. ) “

E. .Assign as homework Problem IV.5:
Emissions Concentration to 3% 0,.

F. Answers to Problems IV.3 and IV.3 are
in the Homework Review period.

Correction of Nox

to be confirmed

14-2
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N | ~
CHAPT!-}R 1v
Rl EMISSION 'CALCULATIONS Ir /
. - ’ /7 : R
e PROBLEM 1IV.1: Excess Air Calculation Based on Orsat Analysis 4
) ' ) ) § -,
S ---thouoit;uenbmofia-eombustionuunit is characterized by: . . .. .. . — e
\ 6rsat Analysis: ‘ IRRY COZ' 9% 02,-2% CO
SOZ: 120 ppm .
% Gasg Flow: 200,000 acfm @ 27.5 in.Hg pressure,
. 340°F temperdture, 8% moisture by volume
- » *
L 5[ Particulates:_ 4Q0 grain per acfm
/y . ]
/ ' .
o ~Calculate: ,
b : . _ : : ' ' . o
1.+ The ppercentage of excess air in the flue gas using Equation 1 !
fro Attac§§fﬁt 5-4, p. 5723 of the student manual. , .
— L
. 2, The SO2 emissions in micrograms per cubic metei (ug/m3) ¥ T
¥ noo ' Y - ¢
3. The volume of the dry flue gas at the observed conditions. N
.l.__“_ L , { .
G . 4. The volump of the dry flue gas at standard conditions which
M-+ .7 are a pressure of 30. 00 inches of mercury and a temperature
- + of 60°P . o B | | S o
3},w : S.‘ The‘particulate concentration based 'on atandard pressure and .
& RN C temperature. - o : . 5 Vv
'-\ 6."The particuiaée emissibn concentrations corrected for "".,t
S 50\ éxceaa éir'i‘.' '
N I S I : bl
BT fj,‘.'b. I!\ 002 o e o 'g%%'.




Solution for Problem IV.1:

1. Refer to Student Manual, p.

5-23, to obtain the équation for
computing the excess ajr from an Orsat analysis.
A

. (0 - 0.5 Co
- - 0.264 Nyp -

X 100% -

,

. The nitrogen in the product gas, sz, may be caipuld&ed as
follows: ' '

5.

.ﬁé _

. ; (
p = 100 - 8C0O, - %0, - 8CO :

= 100 - ( 11 ) - | 9 ) = |

= | 78 . \Nz
v - 7

Substitute the above value into eqqétion for %A:

$
v
AY

( 9 )Y=-05¢( 2 )
EA = ' — -
0.264 ( 78 )-( 9 =-05( 2 ))-
. E ~q ' v
= 63.5 4 excess air

13

(2]

2. Convert 120‘8'02 ppm to hg/m3 using Equation 5.8 on p. 5-5 bf
the Student ‘Manual:

. ‘ S ; ~

S VRN 12y | :

S wm Coo
ST b 14eg |

|

o
.




. ' Reduce the xi\to m . by noting that - S ‘
. 1,000 . 1 ™ N ' _
1,000 x m 6% ‘
\ ~Therefore

) N ét'"= 313,344 . -3 Mg
1 120 ppm. SO, ( ) Y. X 10

r~ ] | .‘ >

= 313 9%- ) -
- m

3. Calcul#te the volume of the

0.08 )

. = 184,000 cfm

4. Refer to the Student Ménﬁai,'Eqﬁation (1) on p. 5-22 and'. _ /’
reduce  V, dry to Vg ary ’ using Pg = 30.00 Hg and Ts = 520 Q

P, | | v ‘ .

A - - A / P' T-o ) . . ’ -

| ) . L 215 " S ‘ RN

. o . . AR ( 27.5 . : : ~ _ L

- .t = (184,000) X e x (520 ) S e
L . : " ( 30.0 ) . (800 ) . - -

o v
A ’ » A ’ : . N
N . * C . N .
LT ' : . / - , .
. . . « . . . L
.

- 109,633 ’ scfm - A

‘

setoi R 5. Likewise reduce the partxculate 1oading concentration to that
' S : tandand conditiok ' : - \




~\ ' L/ /

~
/ = ( 400 ) «x J_M_ X “.(_VAEE_(.)._._.)..
( 27.5) ( 520 )
. X
= - 671 g'rain/sb‘m . ' N
-~ | -
« '\ 6a. Refer to the Student Manual, p. 5-23 and use Equations (2) and (3)
" i " to calculate the particulate concentrations on a 50% excess-air
. : : basis
’ ' ’ . l -0 - ‘ .75 C N
)10 Oy T I NGy m 0T P |
N Fsov 1- 21 ) ) S
— .! '
— d B _ P
s - 1.5 ( 0.09 ) - 0. 133 ( o. 73 ) - 0.75 (0.02) .
) . 0.21; : .
\ Y
= 0.923
] ‘ - t. y LS
g - S
| v
Cvs (671 ) 5 - A
. C = e x o —_~ 0= - 727 grain/scfm
V. Fsov . (0.923) — ;((
) ' ' s < , S
- bt Correct to 12% coz, using Equations (6) and (7) on P'. 5-23 of the i
student Manhal i oo ,
, C ) i
‘ oA co o '
o : 4 ©0.12 . (0.12)
' : e ( -671 ) R R '
: : [ o = V8 e o = - 732 " grain/scfm
v - _ .o712v L . _
. S o 12v (0.917 ) o S
.\..- e COrrect to 6% ()3 using Equatiéhs (10)- and (11); however, note that , . .
S _ 5n - (10) should be modified for the net Qz (after the cois ) .
-oxid1 ed) : S _ _ . _ e

021—(022-05(cop)),_ T ’\/
015'“




Fev X

Y

0.21 - ( 0.09 - 0.5 ( 0.02))

A

0.15

0.867

CVB ( 671 ) -}74

& :
7 -
-~
>
d PR U,
v
A Eae
. .
h
4
“
N v
) R
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* N :
PROBLEM 1IV.2: Usie _Q_fm_l"_*__f"n:tr?_rv-:_ to Comput ¢ _'l;'_n'ri sion Concentrat unv

e g

. h
The effluent from a bituminous: coal-fired source is found to, have a

particulate concentration, Cygq, ecqual to 671 grains/scfm (dry basis).

The flue gas oxygen is 9% and the carbon monoxide is ?%, as measured
on a dry basis.

galculate: -

ep | |
1./ The particulate emissions in the units of (grains/million Btu)
using the Fsfactor technique

$Solution to Problem IV.2:

»<,‘\

From Attachment 5-4, p. 5- 75 of téﬁ%ﬁgﬁdpnt #anual, find:

Vs

with the given C \
p. 5-16, to calculate [}

lue and Lbe comput d Fd , uqo\hquation (5. 12),
sgions, qrains/lO6 Btu

209 o
-6 .

= 671 82 - -
¢ 67 (9,820 x10 "N 355" 0.09 < 0.5 {  0.02))
= 10.67 - grains//.riz)ﬁ Btu )
\i
& "
g )
u ® “ v ’VI " -
. 14- e N \
. . ¢ M . ; N .
:_‘- S u
W ¥ ,IL

N b S




4
PROBLEM 1V. 3: Calculation of F-factor
'P-fagtorv are useful in the calculation of cmissions from combustion
gsources. Consider a bituminous coal having the "as-fired" ultimate
analysis of 75% carbon, 5% hydrogen, 6.7% oxygen, 1.5% nitrogen, 2.3%
sulfur, 7.0% ash, and 2.5% free moisture. The heating value of this
coal is 13,000 Btu/lb. ) -
Calculate:
e ) Thg,r—factorl Fd . using the Equation 5.28 on p. 5-15 of the L
' Student Manual and compare this value with that qiven in
Attachment 5-5, p. 5-25, of the Student Manual.
(
Solution to Problem IVZB:
* " The equation for the F-fadtor, Fa : /18
RO -
(3.64 n2[4 1.53 C + 0.57 8 + 0.14 N - 0.46 0g) ¢ dscf
F, = —
d J . HHV | 106 Btu
//”' - v
[3 64 ((5) +1.53 (75) +0.52 (2.3) + O. 14 (1.5) - 0.46 (6. 7)]
-
L 13,000 . BT et
A " dacE . : (
- . 10,581 ¢ , .
' 106 Btu ’
| »
.
' \
c .
_‘éf "
(zv-7) '134' i

3 14-9
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PROBLEM iV'.d: Calculation of .l_‘(}l}_\_]_'t.:_j_nt (_‘onuun_t_rp_t_}gp_ '

Bituminous coal is burned completelylat a rate of 5 ton/hr with excess
air. An evaluation of the effluent yields the following data:

o

Orsat Analysis: co, 9.1%
0, 10.6% . .
co 0.0%

Volume Flow: 26,000 scfm

T -~ “Pollutant Mass Rate: "]:30 ;000 -grains/min.

| 1. The particulate cqncentration cérrected‘to_SO% e*cess air.
2. The particulate céncenﬁration éorreéped to 12% Co,.
‘3.  The particulate concentration co;rec}gd to 6% 0,.
{

Solution to Problem IV.4:

\

1. Find the particulate concentration, C,g, using the flow and the -
pollutant mass rate from Equation 5.21, p. 5-14 of 'the Student
Manual 1 Ve " ) . { . L W g v

Cc._ = _PMR
VS ) Sapedap—— R
Vg

(130,000) grains/min.

( 26,000) scfm *
. - - .
- 5 - .
q grains/scf
A Correcf the concentra an to 50% excess air using.Equarions (2) and
(3) om p. 5-23 of the sthdent Manual
' 1.5 Oy - 0.133 Ny - 0.75 CO
Foow = 1 - < : = —F
/ L 0.21
. L . ey - 1.5 (0.106) - 0.133 (0.803) - 0.75 (0.0 )
Ly R o WII" ;:;'. B :", 0.21
S SR -.';(1y—8) L o
’ L 14-10 135 .




cs-"’.("sw :
o ov F50,4 (0.751 )

= , 6.65 grains/scf at 50% EA

2, . Correct the concentration to 12% Co, using Equations (6) and (7).
on p. 5 23 of ’.he ‘Student Manual : -

-

3

: (.091) ¥

“ F » N Te—e— . '
12v " 0,12 - T 12

oy 0.758

ffy‘
il

: . _,';.' ve ( 5 ). -~ I N %
c - - R : 5

- . . H

B RN ek L b PR Y A . E - : he : : T : e ! . e
T . S o / Yy \ . - A . - - P
. u_K . R ; - 0 ' . . . N T N
. . . . . . e R S .

+ ) e . b = . +

. L N . - . .

6.59 _ grains/scf at 12% CO,

. . Re e K o, Lo
T . N,
. -

vy

L3

ﬂylf-' L | 3. Correct the concentration to 6% 02 using Equations (10) and (11)
BN > “on p 5-24 of the Student Manual o

jff'   S IR _:@i, _ A o o
| o 0.21'-02p . .21 - (0.206) ,°
Fev - D —— ="

o :érail'm/scf at 6% 0,
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PROBLEM 1V.%: Correction of NUX [‘mlw.um Concentration to 3% 0)

e e et e & o e ron 4 0 S £+ S o A e oy g & i = ¢ vt nm. = = 2 o e gt w8 = § o @t e+ s 1

Limiting thecz:o‘ss_air during combustion is an important technique for
controlling the NOy emissions. In order to provide a more meaningful
basis for comparison, the resulting emissions will be corrected to a
standard basis of 3% O, (or 3% excgss Op). Consider the NOy emissions o
of 200 and 300 ppm from an oil-fired power plant under the stack gas con- i
ditions A and B, respectlvély (which have different c0nditionq of excess -
air)

-

Condltlon

e L _Dry Volume Basis

COy, & 0y, % . Np, % NOy, ppm

LY

A 13.3 2.2 . 84.5 200 .

B 9.7 7.3 83.0° : 300 Lo

Determine:
1. The excess air corresponding to conditions A and B.

2. The correction factor to be used in correctiny NOy .emissions’
from their actual condition to the basis of 3% 0,.

Y,

3. The corresponding values of NOy at the standard basis of 3%
' oxygen.

o

\' S . Solution to Problem IV.5: ’ ' - | : SR .

1. Find the excess ajf for donditions A and B uq1nq LqUatlon (l)
‘. on p. 523 of th Student Manual.

%

-

-}

- - : L Doy - 0.5 "CO,, , _ R
o o AEA = _2p P | % 100
S | 0-264 Ny - (Oy - 0. .5 COp) : \

v

_For'éondition'A: _ ' y G - : . - R

s . x 100% PR .
0.264.(.845) - (.022 - 0.5 (0.0)) . - o

i

;f;' —_— BV S 1,022 ) -.0.5 (0.0)
SR A V7.3 : ) e

T = 10,98 - -fof condition A.

Ce (TvRel0)

Ut e




P For condition B:
h *r
' N\
i ) - 0.5 (0%)
SEA = (.073 - x 100%
0.264 (.83) - (,073 - 0.5 (0.0))
y ]
= 50.0 for condition B.
v \
,” . ) i
. . .
2. The volume correction factor for flue gas 0, is derived from
. . _ 2

N Sy
. P - 0. 21 - 02p
] .oV

0.21 - bz std

_ . .21 - 0y . _
. = . . LT LAl . .
. _ 3v 0.21 = 0.03 S ,33 30

¥

0-21 -Ozp ‘. " . ) 7 .

N . e TS | .

-

A4
- .

’ 5y

P '

. 3. :Use the correctien factox deveiope_d above,, to correct the measured
NOy emissions at conditions A and B to the 3% O; standard basis:

For 200 ppm Nox at 10.9 s excess” air -

- .
. . to. -
v . .

¢

e e e S a0 pm
S . = .21 =" (.022)

k | B | | ' . . ] . . - .18

r

,,,__.T - " - . 191 . ppm corrected to '3%“(_)_2.,. o ' . "

"For 300 ppm'Nlo;( at, .50 % excess air .

~

' 'C3v . .'

Cv _ = 300 : = 394 ppm corrected to 3\"02"'_. "
Fav a1 (.073) . o B
.18 R

v

.
T
.}'.




LESSON PLAN

TOPIC: Introduction to Combustion
, Control

o>

COURSE: 427, Cof\bustion Evaluation
LESSON TIME: 75 min.
PREPARED BY: DATE .

F. A. Iachetta" Oct. 1978

Lesson Numbgg: .15 ‘ ‘ -
g Y e
Lesson Goal: The goal of this lesson is to provide an overview of the- logic
N for control qf combustion systems and special features of control systems.

b
AN

‘Lesson ObJecylves At tne end of this lesson, the student will be able to:

\ - list the ig?ortant variables (steam pressure,«steam flow rate, gas tempera-
ture) which may serve as the controlled variables used to actuate fuel/air
controls for combustion systems;

e B
describe the primary purpose of a control.system which is to maintain com-
bustion effic¢iency and thermal states;

e understand the interrelationships between ‘'varying load (energy output)
. requirements and both fueIYair flow and excess air,

-

: Student Prerequisite Skills: Course 427, Lessons 2, 3, 6, and 9
Level of Instruétion: Undérgraduate engineering or equivalent

intended Student”Professional Backgrounds: Engineers, technical staff, regu—
: ' " latory officials, and others who work in combustion-related areas of air -
o ylution control i 2

v Support Materials and Equipment:

1. Slide projector and 16 mm sound movie projector.

2. . Slide set for Lesson 15. ' : ‘ -

{t

3. .'Fum«- "Boiler ;

« Their ContrOl " ' . b
® .

' Special Instructions- ' .the film after the first 30 minutes of the lesson

period. -

i

1

PP




References:

1. Combustion Evaluation in Air Pollution Control, Chapter 6.

2. North Amegrican Combustion Handbopk, Second Edition, North American
Manufacturing Company, Clevq}and, Ohio (1973).

3.. Steam, Its Generation and Use, Chapter 35, 3}9th Edition, Babcock and
Wilcox Company, 1978. ' '




- \
SLIDE NUMBER TITLE OF SLIDE
; " a4
LESSON 15: INTRODUCTION TO COMBUSTION GONTROL
. &'”
427-15-1" SCHEMATIC 'OF STEAM-FLOW ORIFICE STATION
427-15-2 ACTUAL STEAM-FLOW ORIFICE STATION S
‘ 427-15-3 STEAM-FLOW DIFFERENTIAL SENSING AND TRANSFER UNIT
s 427-15-4  _ _AUTOMATIC FORCED-DRAFT FAN INLET LOUVER CONTROL .. .. .. .. ... '
427-15-5 " . AUTOMATIC GAS-FLOW gO_NT_ROL VALVE
 427-15-6 DIAGRAM OF A COMBUSTION CONTROL FOR A SPREADER-STOKER
(_ - . - FIRED BOILER |
427-15-7 * ™\« DIAGRAM OF A COMBUSTION CONTROL FOR A GAS- AND OIL~FIRED
L g SN -
BOILER -
| 427-15-8 DFAGRAM OF A COMBUSTION CONTROL FOR A PULVERIZED-COAL °
FIRED BOILER I i R
427-15-9 DIAGRAM OF A GMBUSTION ZONTROL FOR A CYCLONE-FIRED BOILER
\ N : i -
) |
\_
! . '\.
. - .
. . . .
v
NW t - - L A




C ONTENT OuTUN RS
Course.: 427, Combustion Evaluation im
Introduction to ata«né’

of_ %

TES

Poge 4

Q

II.

Lecture Title: ComBusti ]

Introduction
A. State lesson objectives
B. . Describe primary function of combustion control
1. System must maintain combustion efficiency while con-
trolling emissions
2. Control must permit maintenance of pre-determined
values of temperature, pressure, etc., in systems
7 to which energy is supplied
3. There is a requirement to accomplish the above under
all conditions
Specific requirements of combustion control
A. Note that all systems must alter fuel input rate pro-
portional to energy output while simultaneously adjust-
ing the air/fuel ratio
B. Describe 1nterre1ationeh1pe betwean, fuel change and other
variables:
1. Steam pressure and/or steam flow ‘
2. Ihteractions between forced draft, induced draft,
and furpace draft.
3. The importance of fuel properties and the range of -
controls dhould be appreciated.
a. There is an influence from high-moisture content.
C. Discuss control logic for stoker fired coal-burning
units:
1. The interaction between steam pressure actuated
fuel feed and "steam-flow air-flow" actuated
air supply
2. Separate furnace draft control element
D. Describe the control systems uauelly employed for gas-—
~and oil-fired boilers - . -
1. Steam pressure is used as a prime controlled variaple
2. Cross limits are built in for regulation of air flow

and fuel\:low
3. The;h is w” seperate control leg whenh atomizing steam
is used. .

"B. Discuss pulverizer coal-burning controls

flow controller considers the total
d characteristics

1. The master fue
flow versus -1

2. The air-flow/fuel-flow‘relationship is one of parallel_

application 5

3. The low-select auctioneer action when air flow is

© low should be Aiscussed, relative to coal flow ratae.
F. Discuss cyclone furnace combustion controls
1. Each cyclone functions as an individual furnace

2, The use of multi-cyclones as multiple furnaces should
be described:

3. The 02 analyzer has been specifioally included to
" fine tune excess air -

*Film = "Boilers and Their Control" . . . //4

A. Bhow the film (30 minutes) _
B. .Review and discuss the major points presented in'the film

1. Two types_ef boilers arae:- _ , .
] . \ : L
e N T

N

8lide 427-15-1
Sl}de 427-15-2, 3
Slide 427 15-4

Slide 427-15-5

Slide 427-15-6
Refer to Student
Manual, p. 6-12.
Attachment 6-1,
for definition of
control symbols
Slide 427-15-7

)

§1ide 427-15-8

$1ide 427¢15-9 -




Coursé :
Lecrture Title:

CONTENT OUTLINE

427, Combustjion aluation
Introduction tg

Combustian Control

L\

Page _> ‘ofﬁ

NOTES

10.

11.

12,

[

a. Fire-tube boilers

b. Water—tube bailers

Three primary boiler circuits are:
a. Steam and water circuit

b. Flue gas and air circuit

c. Fuel circuit

__Steam and water circuit composed of:

a. Steam drum

b. Mud drum:

c. Downcomers

d. Risers ' ¢

Feedwater level maintenance is:

a. Vital to combustion control :

b. Vvital to efficient operation ' N

c. Influenced by swell (occurs during increased
steam production) and shrink (occurs during
decreased steam production).

Steam flow is controlled by demand for steam

a. Steam pressure is the control impulse fqr fuel
input - ' < (1 <

Flue gas and air circuit

a.a Provides combustion air

b. Circulates product gases within the furnace

c. Removes flue gases

Furnace draft (negative pressure)

a. Will be specified in furnace deqign (some
furnaces are pressurized)

b. Requires proper oontrol of forced draft and
induced draft fans.

Control of fans for combustion air

.a. 1Is accomplished by variable dampere or variable

speed motors .
b. Must lead fuel-flow increases when load is
increased .
c. Must lag fuel-flow when load is decreased
Efficiency is increased by use of air preheaters
a. Tubular type
b. Regenerative type.
Control of.excess air is required for complete com~
bustion
a. Too much exceSS'air results in
i. Less time for heat transfer to the tubes
- 8o that the flue gas temperature increases
ii. More flue gas being emitted at higher tem-
peratures
b. Greater excess air is required with low gpad
conditions, # .
Minimum air flow raté should be 1imited to 25% of
the full load ajr flow rate
Fuel flow controls
a. Should limit the flow of fuel to the amount of

available air Lt
b. should provide automatic gshat-off valves .
. - - 7 : ’ -II v v,; .‘
\ LE . . 15=5 S Y S
- P - : v
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- LESSON PLAN

L
TOPIC: Combustion Installation
Instrumentation

COURSE: 427, Combustion Evaluation

LESSON TIME: 45 min.
PREPARED BY: _ DATE -

'F. A. Iachetta " Oct. 1978

Lea®n Number: 16 °
. ﬁ\\héééph Goal: The goal of this less6R is to provide the student with information
' about instruments used for combuStion systems monitoring with particular

; emphasis on good operation. N
Lesson Objectives: ' At the end of this lhhaén the student will be able to: ,
. 1dentify instruments which Qouldfindicgte impfoper combustion or energy
transfer; and . _ ‘ . : H
dggcr}be thajinfluenée of excess air (ihdicated by Q0,.or 0, in stack )
 gases) on the boiler efficiency, fuel fate, and economics of a particular ' " .
combustion installatjon. : ‘ gl
: ' : v .
y Student Prerequisite Skillst \ s¢ 427, Lesson 15. - e
. Level of'Ihstruptioﬁ: Uhdergraduate engineering or equivalent
Intended Student qgfessional Backgrounds: Enginee£§, teéhnical staff, regu;_j _
latory officials,’” and others who work in combustion-related areas of air ..
pollution control. - . E ",' . '
v v SR N N . %
. 7 Support Materials and Equipment: b ' :
- . : . - 3
» % .. -+ 1. Slide projector : " - ' 4
’ 2. slide set for Lesson 16 -~
' _ Special Ihbtructions: " None > ' ) ' o E g/(
- . . ~ * ~ ”\' ., .
* References: | S //,_“ : : )
:" E : 1._,Combustion'Evaluaiiqﬂgggﬁxff\kgllution Control, Chapter 6. - E - RS
. ) . - ’ .
. \ ' * ,
) ! : : : Rl ~ : ' : .
- ¢ 16-1 A~ " R W - -
: 145 -
- : . ‘-:_"{‘ -
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SLIDE NUMBER ’ . - TITLE OF SLIDE . ,
) )
N LESSON 16: COMBUSTIQN INSTALLATION INSTRUMENTATION
427-16-1 " STEAM-JLOW _Am’:‘f-mow METER AND CHART
. . * L] - . .
S . 427-16-2 - DRAFT GAUGES ‘ON SPREADER STOKER-FIRED BOILER INSTRUMENT
. { .
PANEL | .
427-16-3 GAS :&n\wmnn TEMPERATURES OF ECONOMIZER.
e e e i e e it i e mm g e e et e e erminm e e i e en SPRET e et e - B
427-16-4 INSTRUMENT PANEL WITH RENOTE STACK SMOKE INDICATOR
(. 427-1645 ~ - SKETCH OF REMOTE STACK SM)OKE INDICATOR . \
427-16-6 - - RANEREX cou'rmuous €O, METER - .
427-16-7 - TYPICAL 0, READIN_GS | l' o Ty I,
) 427-16-8 - TYPICAL CO, READINGS ".' i | - s e
427- 16—9 EFFECT OF EXCESS AIR (FLUE GAS C ) ON com;usnou EFFICTENCY
»
427—16‘-10 ~*_ IMPROVED EFFICIENCY CASCADE . SN
Y . O - Cor . . . J! - . B
. | - ¢ : = ' /‘ L.——-" .
i . iy s .
— ) . - 1€
, ' &
e
f (AR




~

CONTENT OUTLINE 72 [ e

Course: 4217, Combustion Evaluati ' g
. Lecture Title:  Combustion Installation Ve e
_Instrumentation :

N »
I. Introduction !
: A. State thé ‘lesson objectives
. ' ) B. Outline the use of instruments as operator guides
1. Steam-flow air-flow meter on a bpiler instrument - Slide 427-16-1
. panel
- a. Note the.usual practice of nearly coincident .
. pan traces’ '
- » " b. Note inherent influence on operator designed o
' into the unit (pens together) : /
- 2.  Fuel-flow meter . . -
) a.. Used both to guide operator and for record-
+ keeping : 1
draft gaugesoemployed to monitor gas loop Slide 427—16—1]
omponents, such as furnace, fans, air preheaterh;
etc.
,4J Temperature, measurements
- _ a. Purnace and flue gaseg at various points

) . b. -Gas temperatures at significant locations : Slide 427-16-3
' c. Fuel oil whege needed :
5. Smoke icator Slide 427-16-4 _
, a. Note use of signal 1ights and opacity indicator Slide 427-16-5 - -
scales oo :

6. COz and 0, monitording " 4 Slide 427-16-6
a. Portable and fixed instruments should bq . '
"+ described here

b. Give ranges of Co, for several fuels Slide 427-16-7
‘e c. Give range of Oy for several fuels . ySlide 427-16-8
/- I1. "Importance of propeéer instrumentation relative to efficienc ’
o A. Describe recordkeeping normally possible <? )
' 1. Integrators used on steam—-flow, fuel-flow meters, - : € . '
. « aetc. : s )
o ' _ _ L ~a. Note the use of micro—proceseors to give P ‘

continuous efficiency estimate . .
" B, Discuss flue gas monitoring as related to both effi-
ciency and pollutant emissions . - - .

i ' ‘1. Point out efficiency versus CO, relationship Slide 427-16-9
L 2. Note the effect of flue gas exit temperature on .
T efficiency "
3., Discuss cascade effect of improved efficiency 1 Slide #%27-16-10
as an argument for flue CO, or O, gas monitoring
instruménts - ' \”-
4. Relate O 02 radiation with efficiency improvement

' : " a. Note a 1% reduction of O, correspends to
1/2 to 1% improvement of efficiency , = °
III. Use of Instrumentatjon in Preventive Maintenance{//
A. Outline the pre entive maintenance-instrumen ion ‘ _
' interaction : ) : : o -
1. Note the need for eatablishing norms as '
' reference values -
2, Describe how instrument reading changes are

' indicatora‘ of problems

> L R U S
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CONTENT QUTLINE™ ;"aa™, |™5ore
» ~—
[} Course. -427, Combustion Evaluation 'i+ «J
Lecture T/tle; Combustion Imstallation, "4 ppott’
jk Inatrumantation
a.. Use of CO, through unit as measure of air
infilm “~
b. Tempe e variatfon at preheaters, etc. .
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LESSON PLAN

TOPIC:  Gaseous Fuel Burning

COURSE: 427, Combustion Evaluation
LESSON TIME: 60 min.
PREPARED BY: DATE _

L. U. Lilleleht Oct. 1978

N

— porman et a et e mmmme s s e e 2T wee i emare s e

'Ledson Number: 17 S ‘ = .l- L

design and operational parameters which influence the emissiong of air

_ Lesson Goal: To provide the student with an accurate understanding of the
pollutants from gas-bur ing devices.
/

1

‘Lesson Objectives: At the end of this lesson the student will be able to:
describe the functions of the gaslburner; } ‘.
define pre-mix and its influence on'the tYpe.of flame;

-

~ 1ist burner design features and how these affect the limits of stabl4 flame
o operating region; » o

“ name four different types of gas burners and their special design features; - ‘ Lot e

_ ‘cite typical gas furnace, breeching, and stack operating temperatures,
2 pressures, and gas-flow velocities: :

describe the relationship between flue gas analyses and the air-to=fuel
ratio;

1ist the causes and describe the signs of malfunctioning gas-burning S
devicess and e

describe techniques used to correct a malfuncgﬂoning gas-burning device.'
wa SWent Prerequd.’site Skills- | Course 427, Lessons 2, 3, 5, 6, 9 15,16. .
- Level of Instruction. , Undergraduate engineering or equivalent a . ,

) .

Intended Student Professional Backgrounds. : Engineers, technical staff regu-
"latory officials, and others who wOrk in combustion—related areas of air

pol],ution control. |
Support Materials and Equfément- f-\ o T I o -
" 1 sm;e pmjector /

l
%2 S:I.:ldp s.st for &.assdn

’
t

'-. . . . ! . . : a . .
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Special Instructions: ' None

-

References: . : v

‘e . “ . .
. . A .

1. Combustion Evaluétion iﬂ Air Pollution Control, Chapters 2, 3, and 7.

1
2. Combwstion Handbook, publ}shed by tﬁe North American Manufacturing
Company, Cleveland, Ohio (1952). " s
2 o <«
) 3. Danielson, J. A., editor, Air Pollution ﬁgbineering'uanual, AP-40,
2nd edition, USEPA (May 1973).
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SLIDE NUMBER - TITLE OF SLIDE
+ ‘
LESSON 17: GASEOUS FUEL BURNING
427-17-1 . BLUE FLAME Q
427-17-=2 YELLOW FLAME
L 427-17-3 , ATMOSPHERIC BURNERS - FLAME STABILITY
oo A2tlish ATMOSPHERIC PREMIX TYPE CAS BURNER . o
427-17-5 K MULTI-FUEL OIL GASIFYING BURNER
42_7-17-6 FURNACE HEAT RELEASE RATE
L L 4211727 . COMPARITIVE FURNACE SIZES
| 427-17-8 - | TYPICAL BREECHING AND STACK CONDITIONS |
427417_-9 - VELOCITY -IN CONVECTIVE SECTION L
427-17-10 FLUE GAS ANALYSIS 1 s
4 “
. - !
- L _
o * ” . )
. N » ; ¢ )
s - 157 ﬁ
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CONTENT OUTI.INE s, | oot s
e ————————————— :::au:ills "(]]rlzs;
Course N 427, Combustion Evaluation i}* —
Lecture Title: Gaseous Fuel Burning "y mo“c’

II.

III.

IV,

»

- -
Intyoduction
A.  State the dbals and objectives of this 1esson.
B. Review combustion concepts
* 1. Requirements for complete combustion
2. Theoretical and excess air ‘
3. Adequate temperature, tuybulence, and time
C. Typical ga%eous fuels
-~ 1. Heating values of natural gas and other common
- - - .-gaseous guels ... :
2. Lowest heating value for direct'combustion
Flame combustion mechanisms
A. Hydroxylation theory
1. Air mixes with fuel prior to combustion
2. Oxidation is gradual
3. Blue flam¢ is produced
4. Incomplete combustion products incluae:
a. Aldehydes and acrid odor
b. Other partially-oxidized hydrocarbons
B. Carbonic combustion mechanism
1. Fuel is not premixed with air ]
2 Cracking reaction produces solid carbon -
3.7 Yellow flame from incandescent carbon
4 Incomplete conbustion products include soot, smoke,
carbon monoxide, etc. ' '
Gas-burning characteristics
A. Functions of a gas burner
1. To deliver gas and air at the desired rate and
proportion ¥
2. To provide mixing and ignition.
B. Most burners employ the Bufisen principle
1. Some (primary) air is premixed .
2. Remainder is secondary air '
3. Flame propagation velocity .
4. . Shape and appearance of flames affected by
a. Degree of pre-mix
: b. Degree of turbulence and mixing
C. Stable flame region
1. Bounded by
. a. Flash-back

-

- b. Lifting and blow-off N \
c. Yellow tip
d. -CO formation
2. Turn-down ratio _
CIaesificatiqn of gas burners )
A. Pre-mix type .
" 1. Atmospheric burners
2. Multiple,port burners
3, Power burners N ' _
B.. Nokzle-mixing type . _ .
- C. long flame. burners '
D. Specialty gas burners: .
" oo T " 152

17-4

Refer to Student
Manual, Chap. 2

_Refer to Student

Manual, Chap. 3,
and Lesson No. 6

Slide 427-17-1

¢
Slide 427-17-2

Refet to Student
Manual, p. 7-19.
Refer to Student
Manual, p. 7-18.

Slide 427-17-3
Refer to Student
Manual, p. 7-20.

o

Slide 427817-4
"Refer ro Student

Manual, p. 7-17
and 7-21.

~
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'CONTENT OUTLINE

Caurse 427, Combustion Evaluation

Lecturg Tit /e: Gaseous Fuel Burning h moﬁ—('\

(&

Poge_5__of 5

NOTES

V.

VI.

VII.

AP Y

. S

1. High excess ailr burners to provide hot gases at
uniform tempsrature
2. Lean fuel burners for very low heating value fuels
3. Multi-fuel burners .
4. Other .
Syastem design considerations ]
_A. Combustion furnace volume '
1. Flame to £ill volume
2. Shape determined by type and number of burners
B. Typical energy release rates
1. In primary zone and overall
2. Comparison with other fuels -
.C. Fyrnace operating conditions

1. Pressure slightly lower
2. Velocities in convecti\.mbzﬂwm’ﬂmnoa
D. Breeching and stack
1. Draft control
a. Natural
b. Forced and/or induced
2. Stack conditions l ) ’
a. Typical flow rate (velocity) '
b. Temperature '
(1) Effect on heat losses

<

"(i1) Minimum required to prevent condensation
Operation and Control * ’
Control of air-to-fuel ratio - »
Flue gas analysis y
2. Flame appearance and temperature \

3. Burner nozzle adjustment

B. Evidence of insufficient air

C. Evidence of too much excess air

D. Safety considerations: N

' 1. Start-up and shut~down procedures EL
2. Fuel changes should not be attempted without prio

thorough analysis by experts
Air pollution considerat®ons L4 .

A. Most gasecus fuels are clean burning in properly designed,

operated, and maintained equipment .
B. Pollutant emigssions from: )
. 1. Operating outside stable flame region
-2. Insufficient air
3. TImproper operation of burner:
a. Damaged by flash-back
b.: at clogged by soot
4. Inadgquate mixing
Excessive firing rate for given design

7

. Uncontrolled smissions factors from gas—burifing devices

1. Natural gas
2. Liquefied petroleum. gas (LPG).

“ -

N, vs 153

Slide 427-17-5
Refer to Student
Manual, p. 7-24.

Slide 427-17-6

»

Slide 427-17-7

Slide 427-17-8

Slide 427-17-9

Slide 427-17-10
Refer to Student
Manual, pp. 7-25
and 7-26.

Refer to Student
Manual, Attach-

ments 7-11, 7-12.

rl:




LESSON PLAN

i

TOPIC:  Fuel 0il Burning

COURSE - 427, Combustion Evaluation
LESSON TIME: 60 min.
PREPARED BY" DATE

J. T. Beard Aug. 1978

\

Lesson Number: i 18 ' : ' : . -

Lesson Goal: The goal of this lesson is to provide the student with an
accurate understanding of the design and operational parameters which
influence air pollution emissions from fuel 6il burning equipment.

, Lesson Objectives: 7 At the end of this lesson the student will be able to:

degcribe the jmportant design and emission’ characteristics of oil burners
using air, steam, mechanical (pressure) and rotary cup atomization;

describe the influence of temperature on.in viscosity and atomization:;

"describe how vanadium and sulfur content in fuel oil influence fuf;ace
corrosion and air pollution emissions; ' i B
describe burner nozzle maintenance and itg influence on air pollutant

emissions from oil combustion installations; and

ldbat‘?&nd use tabulated values of oil fuel_propertieé aha.poilutant '. .
factors to compute ungontrolled emigsions from oil-burning sources. '

*Student Prerequisite Skills: Course No. 427, Lessons Number 6, 9, 15, 16 '
Level of Instruction: Undergraduate engineering or equivalent

. . e .' . > . r E - - . R
Intended Student Professional Backgrounds: Engineers, technical staff, regu- -
latory officials, and others who work in combustion-related areas of air '

pollution control. = - - - - ' -

Support Materials and Equipment:
N 1. .Slide-pfbjectdr
o . \2. Slide set for Lesson 18.

Special Instructions: None .




References;N v

1.

A L
R

-
Combustion Evaluation in Air Pollution Control, Chapter 8.

"Guidelines for Residential 0il Burner Adjustmdht," EPA-600/2-75-069a
(Oct. 1975).

"Guidelines for Burner Adjustmehts of Commercial Oil-Fired Boilers,"
EPA-6 0/2-76/008,‘published by Industrial Env. Res. Lab., USEPA
(March 1976). . ¥

"Guidelines for Industrial Boiler Performance Improvement," FPA-600/"
8-77-003a, publIsbed by Industrial Env. Res Labf,lUSEPA

(Jah 197_7_) .- P . ...- . - . - . i
Burkhardt, C. H., Domestic and/gz;;;Lcial 0il Burners, Third Edition,

McGraw-Hill Book Co., New Yorh,‘l969)

Ftyling, G. R., Combustion Engineering, Revised Editjion, published
by Combustiqn Engineering, Inc. New York (1966).

Steam: Its Generation and Use, 38th Edition, published by ‘Babcock
and Wilcox, New York (1972).

o

1822

N



SLIDE NUMBER

427-18-1
427-18-2
 427-18-3
427-18-4
427-18-5

427-18-6

427-18-7

427-18-8
427-18-9
- 427-18-10
427-18-11

427-18-12

427_19,13'

427-18-14

427-18-15

| 427-18-16

- 427-18-17

427-18-18

427-18-19
.4275f8Q26'.
r 1427;18—21-
- ,iE422;18}2f

'427—18523
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o Low—pnéssuax ATR ATOMIZER SKETCH

TITLE OF SLIDE
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) . -
LESSON 18: FUEL OIL BURNING )
_ PURPOSE OF EUEL'UIL BURNING
REQUIREMENTSI;QR COEPLETE COMBUSTION | ~4ﬂ&&§

MODE OF COMBUSTION OF FUEL OIL DROPLETS . /

TYPICAL EXCESS AIR -LEV.ELS

- VOLUMETRIC HEAT RELFASE RATES AND RESIDENCE TIMES

‘SCOTCH—MQRINE,BOILER
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BOILER, TANGENTIALLY FIREQ" o »
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CONTENT OUTLINE ;"™ |™ o5

et il X743 ST
Course: 427, Combustion Evaluation {* —
Lecture Title: Fuel 0Oil Burning 24, mo“é

1. IntroducE}nn
State the lesson objectives ’ -
B. Introduce fuel burning concepts Slide 427-18-1
1. State the purpose (production of hot gasesn) .
2. Discuss desirable features i
a. Burning the fuel completely ' , !
b. Using-a minimum quantity of air
c. Discarding the fiue gas at a reasonably low
temperature )
3. State requirements for proper combustion Slide 427-18-2
Fine atomization (vaporization) -
Good mixing with air (turbulence)
Continuous source of ignition (temperature)
Time to complete combustion
. e. No quenching of gases until combustion is complete
C. Review and give examples of important fuel properties
1. vaporization limits combustion rate

o RN o JIR < gl - |

L a. Kerosene R
+ b. No. 6 fuel oil ' _
2. Contrast chemical and physical behavior of dis- ~1. -
tillate and residual oil droplet " Slide 427-18-3

a. Distillation, thermal, and catalytic cracking
b. Physical size changes with time
c. -Possible residue
3. Define viscosity, cite variations, and give related Slide 427-18-4 -
-design examples . : -
a. No preheating for No. 2
b. Preheating to 135° for atomizing No. -4
c. Preheatlng to 185° for atowizing No. 5
d

L i _ ‘Preheating “to around 210° for pumping and atom- b S
o= ‘ ' izing No. 6
: 4. Cite examples of not!ie'problemn causad by,foreign
matter in oil .
. _a. “Strainers required in the oil suction and dis-
~ charge lines - Jd. “
i b. 5mall size burners may have finexgesh g
or porous plug type filters
c. Some eyetgm; ‘machanically reduce particj;Len Y]
, to allow flow through the pump, filter, d
: nozele : :
- II. Describe furnace sizes, applicationl, and distinguishing .Stide 427-18-5
. . . features, such as heat release rate and residence time ' . 8lide 427-18-6
‘ A. Domeltic or Resi@ential ‘ ' '
: . No. 1 or No. 2 fuel oil, ¥ to 3 gph .
-3. Around 40% excess air < & _ {
3. Simple on/off combustion control .

4. Annual noezle maintenarice -
‘B. Commercial ' Slide 427-18-7

1. ‘Present, as examples, Scotch marine, HRT {(hHorizontal Slide 427-18-8
return fire tube), and integral furnace water-wall Slide 427-18-9
boilers : _ Slide 427-18-10

18-5 Lo ' ~
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Course: 427, Combustion Evaluation {
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!—‘HU'DNN

No. 2, 4, 5, 6 fuel oil, 3 to 100 gph

Around 308 excess air

Standard designed packags heaters and boilers
Typically use electric heating of oil

ndultrial

Present, as an example, an integral furnaoe
boiler (D-type)

2, Large special-purpose heaters and boilers

3. No. 4, 5, 6 fuel oil, 70 to 3,500 gph

4. Around 15% excess air

Utility

1. Describe features ,of radiant boilers with vertical,

horizontal, and tang tial firing.
Sophisticated combustfion controls and monitors
Steam production at high efficiency

No. 6 fuel oil, 3,500 to 60,000 gph

Around 3% excess air '

I1I. Describe the design and operational features of example
burners as related to -

A.

kY

Atomization size distribution

1.

Rotary cup burner produces lafge droplets, not
recommended because of poor combustion features

Fuel and furnace application

1.

High-pressure atomizers for domestic or residential
applications.
a. Pressure of 100 psi
b.. No. 2*fuel oil, % to 30 gph
c. Swirl vanes to provide mixing by secondary air
d. Electrodes provide continuous source of ignition
Low-pressure air atomizers for domestic applications
a. Oil and air pressure around 3 psi
b. No. 2 fuel oil, 4 to 6 gph
c. Tangential air passages for swirl of primary
air prior to impacting film of oil

Low-pressure air atomizers for commercial a’olica-
tions
a. Air .and oil pressure from 12 to 50 psi.
b. -No. 2, 4, or 5 fuel oil, 5 to 150 gph
c. Describe tangential swirl nogzzles '
d. Describe swirl for secondary air
High-pressure atomizerl for commarcial indultrial
applications -
a. 0il pressure at up to 300 psi
K. No. 4 or5 fqpl oil, up to 200 gph
Mechanical atomizer. for induntrial or utility
applications \
a. 0Oil pressure 450 to 1,000 psi
b. No. 6 fuel oil \rated up to 1,250 gph
c. Spill-back prelﬁuro adjultmont for nodulated

, firing . .

159

186

Slide 427-18-11
!/

S§lides 427-18-12, 13
Slide 427-18-14
Slide 427-18-15

Slide 427-18-16
S§lide 427-18-17

S8lide 427-18-18

S8lide 427-18-19

8lide 427-18-20
Slide 427-18-21

[

S11de 427-18-22
S1ide 427-18-23
8lide 427-18-25
Slide 427-18-26

8lide 427-18-27
slide 427-18-28

B



[ . 3 - I ;&“«0 | Poge 2 o; _ B
CONTENT OUTLINE @™ ™ yore
Course: 427, Combustion Evaluation g

: %, <
Lecture Title: ruel 0il Burning "4 prore” —“?"/
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6. Steam (or air) atomizers for industrial or utility

applications ’ .
a. O0Oil pressure up to 100 psi and steam pressure "
’ 20 to 40.psi greater than oil '
#b. No. 6 fuel oil, rated up to 1,100 gph : +
; c. Internal mix, desirable flame _ Slide 427-18-29
d. External mix, not recommended due to hot, short Slide 427-18-30
" flame .- ﬁ/r Slide 427-18-31 -
Siide 427-18-32°

e. Steam trap required to assure dry steam 7

limit erosion of nozzle .

IV. Factors Influencing Air Pollutants Roefer to Student
A. Present emission factors for fuel oil combustion ’ Manual, p. 8-16

1. Describe variations in particulate emission factors

a. Vary with fuel type because more ash in heavier

oils »
: b. For No. 6; asphaltine content may burn poorly — ek
and varies with sulfur content .
2. Describe why emission factor coefficient for 30,
is larger for residual oil than for distillate
a. Factor based on oil volufe rather than weight
therefore higher density gives higher co- ' .
efficient
3. Explain variations in NOy emission factors
a. Fuel nitrogen
b. Equipment design influences to be presented
., in later lesson
R 4. Provide sample %Plculation of use of emission e -y
factor . :
a. Point out that S in emission factor for 0.7% &

sulfur fuel is 0.7, not 0.007.
B. Descripe influence of vanadium content in fuel oil
(also coal)
1. Deposited in ash on metallic surfaces
a. RActs as catalyst for conversion of SO, to SO;
b. Dew point problems (acid smuts, corrosion)
c. low excess air also limits conversion to SO3
: and acid smut emissions
d. Some SO3 desirable for electrostatic pre-
cipitator operation
Switching to low vanadium fuel may be possible
3. Vanadium and sodium form
a. Sticky, low melting temp ash. deposits’
°  b. Increase fouling of metal surfaces
C _ . c. Corrosive .
C. Describe soot blowing t°
l. Less of soot with oil than with coal
2. Frequency
a. Avoid buildup to maintain heat transfer ‘
b. Keep ash: from becoming molten (hard to remove)

N .

IR c. More frequent with vanadium and sodium in oil ‘#
' D. Describe influence of fuel oil additivea
. 1. Alumina,s dolomite, magnesia ’
. : a. Reduce superheater fouling, ash corrosion 1 . - -
18-7 ’




i

’

| CONTENT OUTLINE ‘@, |™yie’
| NOTES
: % Course: 427, Combustion Evaluation im‘;f —
Lecture Title: Fuel Oil\Burning fJ(P;O“’O
BN b. May produce high melting point ash depoEI:;\\",‘
- c. May form refractory: sulfates in ash, removed
\ in soot blowing
- 2. Organometallic compounds of i
a. Transition metals (manganese, iron, nickel,
and cobalt) ¢
b. Alkaline-earth metals (barium and calcium)
- © 3. catalytic influences to reduce smoke and particulates "
a.’ Oxidation of soot
- _ b. Promotion of free radicals which reaet with soot
. : E. Describe nozzle maintenance
1. Remove, check for deposits, cracks, wear, plugging
2. Clean deposits or replace
® » 3. Frequency depends on installation
) a. Once a shift for industrial and utility boilers
—~ ., b. Once a year for residential burners
4, Poor atomizZation
a. Changed atomization pattern
i b. Larger droplet sizes
c. Longer flames with increased soot or slag
F. Describe continuous ignition requirements
1. Continuous spark from electrodes in domestic units
a. 7,000 to 10,000 volt transformer
'b. Proper positioning required in maintenance
2. Utility and industrial units typical programmed
starting sequence
a. Pilot for start-up on gas or distillate oil
b. Auxiliary fuel during.cold start to prevent
smoke
c. Modulated burner controls
d. sSafety interlocks
. e. Optical, pressure, or ,temp. sensing equipment
G. Define draft and describe its importance for good -1 Slide 427-18-33
combustion '
1. Negative pressure difference betwgen furnace or
stack and ambient
2. -Control required to assure
a. Velocities (residence time)
b.: Air/fuel mixing
c. Settling for blown soot ,
3.. Give example of too much furnace draft
' a. -Inadequate residence time ‘
4.. Give example of too low’ stack draft -
a. Inadequate pressure drop to pull gases across
_ convective secotion —
5. Give example of negative draft .
a. Furnace pressure greater ‘than atmospheric
b. Gases leak out (rather than in) may cause
quenching (smoke) and structural damage due '
. .. tor overheating o
B B c. Gasing of operating personnel
S Y 6. 1Introduce the EPA recommended CO,/smoke adjustment Slide 427-18-34
T N R -~ . procedure to be presented in later lesson . - :
18-8 ‘ : : o .




LESSON PLAN

TOPIC:  Film— “"Combustion for
Control of Gaseous
Pollutants -

course: 427, Combustion Evaluation

LESSON TIME: 30 min.
PREPARED BY: DATE

L. U. Lilleleht Oct. 1978

X

'Special Instructions: None "

Lesson Number: 19

hd o

Lesson Goal: To review and reinforce the gtudent's understanding of the funda-

mental combustion concépts in controlling gaseous pollutants through direct-
flame or catalytic incineration-and by flares.

Lesson Objectives: ”At“the end of this film-the stuQs?t will be able to:

» 1list the four items necessary for effective disposal of gaseous pollutants
by combustion, .

]

give the limit (s) on pollutant concentrations for ‘direct- ’ame and catalytic
incineratorsmind cite reasons for such limit (s); - ,

compare the jor advantages and disadvantages of catalytic incinerators
over direct-flame incinerators; . /

outline the operating'principles of a flare; and

list the conditions under which a flare can be used for disposal of com-
bustible gases. - :

Student Prerequisite Skills: First-level college’ohemistry.-
'Level of Instruction° -”Undergraduate engineerind or equivalent

Intended Student Professional Backgrounds- Ergineers, technicél staff, regu-

latory officials, and others who work in - combustion-related areas of air
pollution control. '

Support Materials and Equipment- ' . | . ' ..' ' ' ,
1. Film-— "Combustion for Control of Gaseous Pollutanfs

2. '16-mm souﬁaimoyie projeetor with aTlZéinch diameter take-up reel.

~

L

19+1

I~
o
B I

/

B



Referencas:

1. Combustion Evaluation in Air Pollution Control, Chapter 13.

2. APTI Course #415: Control of Gaseous Emissions. ' \\\
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 CONTENT OUTLINE

427, Combustion Evaluation
Film = "Combustion for Control
of Gaseous Pollutants"

Course .
Lecture Title:

I A T

NOTES

I.

'
4

Introduction . : ! _ \
A. This film will serve as an introduction to the control
of gaseous pollutants by combustion. Tt will also be

a brief refresher for those students who have already

" had Course #415, Control of Gmwmj’f“z palf o
B. The film presents the fundamen Hedpes' ;qdi}éLgL

flame incineration, catalytic incineration, and flares.

-/ ¢. “Operating principles are explained schematically,

II. -

III.

S

followed by illustrations of actual hardware.
D. The student is also introduced to the concept Jf energy
.congervation through the use of heat recovery. ~
"Combustion for Control of Gaseous Pollutapts"”
Discussion of comments and questions raised by viewers.

)

Film: "Combustion

5or Controi of
aseous Pollutants

§ -

'
M



. .. LESSON PLAN . A

TOPIC:  pjrect-Flame ,and Catalytic
. . Incineration

Y 4

COURSE: 427, Combustion Evaluation

"LESSON TIME: 60 min.
PREPARED B8Y: DATE

L. U. Lilleleht oct. 1978

t Lesson Number: 20 o, '

- - M
Lesson Goals: To provide the student with an understanding of the combustion
v .techniques available for controlling gaseous and volatile organic pollutants .

and with design bases. for thermghl or catalytic afterburners ’ .
Y ’ :

[ . : *

Lesson Objectives: At the end:of this 1esson the student will be able to:

v

cite examples of "air pollution sources: where direct-flame and catalytic
afte{kyrners are used to control gaseous emissions;

- describe the influence of temperature on the'resldence time required for
proper operation of rburners,, t

I Y

apply fundamental c ‘ ion calculations to determlne the aqxlliary fuel
required for dlrect—flame and catalytic incineration with and without L
energy recovery, - , . . _ : e
-llst three reasons fdx‘lJLs of catalytlc act1v1ty and ways of preventlﬁg
such 1393— and o :,"~ .
N . . ) l ‘l ( . Te . . . . N
cite methods avai%able for reducing afterburner operating costs.

v - N
0

étudent Pré;equlsite skills: Course 427, Lessons 2, 3, 5, 6, 17 N ‘

:qLevel of Instruction: Unde;g;aduété engineering or equivalent o _ R “

. . ' ‘ : - ff;’regs-  ‘§i\-. ';

JAntended Student Professional Backgrounds: . Engineers, technical s

‘t © latory officials, and others who work’ln combustion-related areas of -air - ”el;gé
pollution control. . * LA AP
i o . B . . -
,Support'Materials and Equipment: . _ o
. s » ., . °
41, Slide projector '
_4“ .2=,-Slide set for ‘Lesson 20 = . R - _ _l ,‘f 7o .
S o SN | . - : . L . ’
. , : . : £ :
. - ® ~ ] 20_1 ! :4\ ‘_ p ‘ « - -
W . , oo ' ’ i& -
' . v: - ' 6‘)-' . .




Special Instructions: None

Referenges:

1. Combustion Evaluation in Air Pollution Control, Chapters 2, 7, 13.

2. Edwards, J. B., Combustion — The Formation and Emissiqgn of Trace
Species, Ann Arbor Science Publishers, Ann Arbor, Michigan (1J974).

3. "Control of Volatile Organic'Emissions from Existing Stationary Sources,"
. Vol. I, USEPA Report No. EPA-450/2-76-028 (Nov. 1976). =1
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SLIDE NUMBER o TITLE OF SLIDE

=
LESSON 20: DIRECT FLAME AND CATALYTIC INCINERATTON

427-20-1 CONTROL OF OBJECTIONABLE GASES AND VAPORS
427-20-2 COMBUSTION EQUIPMENT
. :
Y 427-20-3 " DIRECT FLAME OXIDATION
. .. 427-20~4 - - - COUPLED EFFECES OF TEMPERATURE AND TIME ON HYDROCARBON
o ,OXIDATION RATE - L |
~ 427-20-5 | TYPICAL THERMAL AFTERBURNER EFFECTIVENESS FOR HYDROCARBON
‘ - * AND CAsyqn,MoyOXIDE MIXTURES )
'427—20-6 INDUCED DRAFT FUME INCINERATOR ~ °
427-20-7 DIRECT-FLAME AFTERBURNER
| 427-20-8 CATALYTIC AFTERBURNER SCHEMATIC
42i—20—9 OXIDATION TEMPERATURE
427-20-10 . "INDUSTRIAL APPLICATIONS OF CATALYTIC COMBUSTION
T 427-20-11 TYPICAL CATALYSTS AND THEIR SUPPORTS
' 427220-12 _ " 'LOSS OF CATALYST ACTIVITY
| \ .
. 427-20-13 % CATALYTIC INCINERATOR WITH RECYCLE AND HEAT ECONOMIZER
427§20-14'j'1- CERAMIC BED REGENERATIVE—TYPEvINCINERATOR AND HEAT

RECOVERY SYSTEM 0 -

Y

| 20_3 ’ 16 "v" _

-,—/ -
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427, Combustion Evaluation
Direct-Flame and :
Catalytic Incineration

Course .
Lecture Tille:

1. Introductidn o
A. State the goals and ob]ectives of this lesson
B. Outline the need for controlling gaseous and aerosol
a wastes
1. Precursors for atmospheric oxidants .
2. Economics .
C. Mention sources of emissions of volatile orqanic com~
- pounds, (VOC) : -
D. Discuss . VOC control strategy:
1. Substitution of solvents
2. Process and material changes
3. Add-on control devices
.E. Enumerate VOC control methods: ~
1. Absorption
2. Adsorption .
3. Incineration R
a. Thermal :
b. /C%tqutic
4. Chemical conversion
F. Describe gaseous and aerosol waste incineration equip-

IT.
A
B.,
c.
.
III.

A,

ment

Direct-Flame and Furnace Incineration

Consider the oxidation reaction

‘1. Gases at less than 25% LEL : . ‘-
2. Time-temperature relation .

a. For hydrocarbons ) .

b. For hydrocarbon and carbon monoxide mixtures

Discuss the use of existing process heaters
1. Requirements for use
Describe thermal incineration — afterburners

1. Typical design bases:. R
. a. Temperature— 1,200-1,500°F
b. Time— 0.3 to 0.6 sec.
c. Mixing {turbulence) ,
2. Auxiliary fuel burner
’ a. Source of combustion air
. (1) Wastg gas -
(ii) T Fresh outgide air ~ = ~-* - o
b. Fuel requirement
(i) Hypothetical available heat calculations
c. Mixing of combustion products with. the waste gases
(1) Arrangement of burners :
(ii) Baffles
7 (iii) Velocity for good mixing
3. Furnace thamber design parameters
a. Velocity of gases
b. Shape —~ L/D greater than. 2
c. Material of construction

(1)  Choice dictated by temperature

Catalytic Incineration

‘Present principles of operation

163

20~-4

Slide 427-20-1

.

~Slide 427-20-2

Slide 427-20-3

Slide 427-20-4 or
refer to Student

Manual, p. 13-17.
Slide 427-20-5 or
refer to Student

Manual, p. 13-18.

Slide 427-20-6

»

Slide 427-20-7 ar
refer to Student
Manual, p. 13-8.

Slide 427-20-8 or

- refer to Student.

Manual, p. 13-28.

B
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427, Combuation Evaluation
Direct-Flame and

Course :
Lecture Title:

Poge 5 of

N S

[ I3

Catalvtic Incineration

Iv. 81
~"A. .Comeider ‘eliminating or reducing separate" mbustion

1. Mechanisms of catalytic activity
a. Reaction at lower temperature
(1) Compare with furnace incinerators
(i1) Less auxiliary fuel
(1i1) Less expengive materials of construction
B. Describe typical oxidation catalysts .
1. Materials
2. loss of catalytic activity from:
a. Poisons
b. Suppressants -
c. Fouling
C. Discuss operational requirements
1. Typical equipmént arrangement
2. Combustibles at less than 25% LEL
3. No particulates .
4. Hot start-up to avoid carbon deposits
Methods  for: Reducing Afterburner Operating Cog;

. -alr intake

1. With waste contailning 16% or more oxygen
2. Hypothetical available heat calculations ,

B. Mention the use of heat-recovery devices . »
1. Regenerative sys .
2. Recuperative sysmq ﬂl" mln ’OW C
3. Reported range of heat recovery
4. Actual energy savings

C. Discuss the burning of combustible waste liquids

D. Propose using incinerator exhaust as a source of heated
inert'gas for dryers, etc.

\

" 20.5

-“Manual, p.

Refer to Student
Manual, Chapter 2,
and Lesson No. 5.
slides 427-20-9,
427-20-10.

Slide 427-20-11
Slide 427-20-12°

Slide 427-20-13 or]
refer to Student
Manual, p. 13-9.

Slide 427-20-14 or
refer to Student
13-10.

Refer to Student
Manual, Attach-
ment’ 13-4, p.13-11.
Refer to Student
Manual, p. 13-12.
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'LESSON PLAN

TOPIC:  problem Session V:
- . Afterburner Design

TRAMING eerTUTe COURse. 427, Combustion Evaluation

LESSON TIME: 45 min.

l . PREPARED BY" ' DATE

L. U. Lilleleht Oct. 1978

Lesson Number: A3 o ) - .

Lesson : To provide the students with expe
auxiliary fuel requirements for an afterbur
an appreciation for the design bases and p#r

nce in calculating the
installation and to develop
eters,

Lesson Objectives: At the end of this lessghn/the student will be able to:
determine auxiliary fuel requirements wiith separate fresh combustion air
intake;

estimate the volumetrﬂc flow rate of. gases through the afterburner at the
» “gpecified incineration temperature;

_ determine the dimensions of the afterburner to achieve the necessary level
« of mixing and effluent residence time; and

. - 5 -
petrform the above calculations without fresh combustion air intake Kut
using instead the oxygen in the contaminated stream for combustion.

Student Prerequisite Skills: Course No. 427, Lessons 2, 3, 17, 19, 20
v~ Level of.Instruction:' Undergraduate engineering or equjvalent
Intended Student Professional Backgrounds- Engineexs, technical staff, regu-
latdry officials, and others who work in combustion-related areas of air
‘pollution control. ' :

Support Materiais and Equipment: o ‘

.1. Blackboard and chalk or an overhead projector with transparency _
material and pens, : : o

.
-

2. Wbrkhoek_for Combustion Evaluation in Air Poliutien Control, Chapter V.
3. Hand-heid calculator or slide rule. - “' ' o _ I~

- Special Instructions: Assign Problem V.2 for homework.,

21-1"
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. References: ) !
[}

1. Combustion Evaluation }_n_ Air Pollution Control, Chap¥ers 2 and 13.
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* - Course . 427, Combustion Evaluation " m‘,
Lecture Title: Problem Session V: "rﬂ mo«(,*

Afterburner Design

)

I. Introductiom’
A. State the goals and objectives of this lesson.
II. Problem V.1: Afterburner Design for Meat Smokehouse bffluent
A. Present the problem statement and solution ﬂnrinstrhgtor)
\> Consider a meat smokehouse discharging 1,000 scfm Affluent
at 150°F, which needs to be treated to control a very

’ low concentration of pollutants at .the parts—per-million

level. This could be accomplished by thermal incinera-

tion at 1,200°F for at least 0.3 seconds.

Determine:

1. The natural gas required for preheating the con-
taminated effluent to 1,200°F using all fresh
combustion air intake.

2. The afterburner throat diameter to give 20 ft/sec
throat velocity- for good mixing.

3. The diameéter and the length-of the afterburner for
a minimum L/D ratio of 2 and afterburner chamber
velocity of 12 ft/sec.

B. Present the reasonable assumptions:

1. The amount of combustibles in effluent gases is
very low; there is ne contribution to the heating

R value due to their oxidation.

2. Effluent gases have the same thermal properties
as air. o
3. 1Intake é!hbustion air is available at 60°F. g

C. Choose a basis for calculation.

D. Determine the mass flow rate of effluent

E. Estlmate the heat required to raise effluent temperature
to 1,200°F. - ‘

F. Determine the amount of natural gas requiredr”

G. Compute combustion products and effluent volume at
1, 200°F. ™

H. Determine afterburner throat diameter. s

1. Determine incinerator chamber diameter. and length.

J. Check the residence time. o

! K. Discuss other design options:
ta 1. Reduced auxiliary fuel by using oxygen from effluent
stream. ha
2.. Heat recovery from clean afterburner effluent. _ )
N IIT. Outline procedure for calcul ing hypothetical available Refer to Student
heat. - Manual, Refer~

IV. Problem V.2: Afterburner Design with Combustion Oxygen . ence 7-1. o

from the Contaminated Effluent
A. Asslgn this.problam for homework. |
B. Present the problem statement:
Assume that the meat smokehouse effluent in Problem V.1
has also the same composition as air (21% by volume | = _ -
oxygen) except for the minute concentration of con-
. ] \ taminants. Repeat the calculations of Problem V.1,
but use the oxygen from the smokehopse effluent for
combustion of the auxiliary fuel as much as possible.

21-3
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CONTENT OUTLINE

C.

D.

Page __4 of 4

NOTES

2. The natural gas requirements -and the fraction of
combustion oxygen available from the effluent.

3. The afterburner dimensions as in Problem V.I-3.

State other assumptions: A mixing-plate type burmer

(@6 Attachmant 7-6 ) will bs used in this application.. -

A ring baffle, which was used in Problem V.1, will

therefore not be necessary to obtain good mixing

between the auxiliary fuel combustion products and the

effluent to be incinerated.

Outline problem solution

1. Discuss cholce of burner and type of affterburner

" hardware - o

2. Describe how to determine auxiliary fuel regquire-
ments, including the calculation procedures to be
used for "hypothetical available heat."

3. RAnswers to Problem V.2 are to be confirmed during
the Homework Review pefjod. 4 .

A\

- 21-4 -

Course - 427, Combustion Evaluation
; . Problem Session V: ”
Lecture THe. Afterburner Design gLt mo‘t‘j‘ )
- r
1
Determine:
.1. The hypothetical available heat for this afterburner
-application.

Refer to Student

Manual, Atté&ch-

ment 7- 6' 1= 22.
Refer to S udent

Manual, Reference
7-1, and Student
Workbook, Chapter
V, Problgm V.2.




/ CHAPTER V

AFTERBURNER DESIGN PROBLEMS

PROBLEM 'V.1: Afterburner Design for Meat Smokehouse Effluent

T Consider a meat smokehouse discharging 1,000 scfm effluent .at 15 . —
which needs to be treated to control a very low concentration of pol’ —7
tants at theg parts-per-million level. This could be accomplished by :
thermal incineration at 1,200°F for at, least 0.3 seconds. The follow-
ing are reasonable assumptions:

1. The amount of combustibles in effluent gases is very low;
there is no contributlon to the heating value due to their
oxidation. : .

_ AN
2. Effluent gases have the same €hermal properties as air.

' ) ‘ 3. 1Intake combustion air is available at 60°F.
, _

N ) A
: s .

petérmihe:

1. The natural gas reth(qd for preheqting.the conﬁéminated
: effluent to 1,200°F using all fresh combustion -air intake. —
. _

2, The afterburner ‘throat diameter to give 2¢ ft/sec throat

- velocity for good mixing. .
3. The diameter and the length of the afterburner for a minimum"-'
: L/D ratio of 2 and afterburner chamber velocity of 12 ft/sec
" Afterburner

f Schematic: .Clean Flue Gages at 1,200°F

. v' : / ’
N R/ / :
_ v, /
3/ /
‘ - 2
Toe / V ! '
| / 1
3 S _’._ 4; _ .
‘Wagte Effluent Y Y Natural’ Gas, - Ggas “
1,000 cfm - . P 4
_ NS Combustion Air, G at 60 F
at 150°F * 2 : < Mr _
W e




Solution to Problem V.1l:

=/
Choose as a basis for calculation:

_Il-.;l__rt 1.

.

" Enthalpy of air at 1,200°F is: 288.5 Btu/lb. ~

1 hour operation

~

Calculate'was§e effluent flow rate,“ﬁl (1b/hr)

. m .= (volume flow rate) (density)

: Since assumed effluent to have properties of air, density from Attach-

ment 2-1, p. 2-23 of the Student Manual.
!

m = (1,000 scfm) (0.0766 1b/scf) (60 minyhr) = 4,600 lb/hr

4

Calculate the heat reguired to increase the effluent waste stream
temperature from 150°F to 1, 200°F, allowing for 10% loss (i.e., multiply
by 1.10): _ _ A

0 = 1.10 m AH v

: : : _ i
Enthalpy difference, s AH, obtained by using Attachment 2-7, p. 2-29
of the Student Manual: :

Enthalpy of air at 150°F is:  21.6 Btu/lb

Therefore, . AH _ = 266.9 Btu/lb’ . !

-

Therefore, ; oy .
. \ v'

. : . . ) . . Y
0 = (1.10) (4,600 1b/hr) (266.9 Btu/lb) = 1.35 x 10° Btu/hr.



0. Available heat from natural gas, 0p (Bru/scf)

P
1

# -
Assume: Grosy heatinq(value of natural gas = 1,059 ptu/sct
Theoretical ﬁombustion air . = 10.0 scf air/scf gas
Combustlpn products = 11.1 scf/scf gas.

—

From Attachment.2—9,'p. 2-31 of the Student Manual, obtain' for 1,200°F
flue gas temperature:

i L& . Qs .= 690 Btu/scf

(This is the amount of heat remaining after the combustion products

. from 1 scf.of gas are raised to the afterburner temperature. This
heat is then available for heating the waste effluent to the same
afterburner temperature ) :

d. Natural gas needed, Ggas (scfh?:
Ggas = (1.3%x 108 Btu/hr)/ (690 Btu/scf gas) = 1,960 scf gas/hr.
Pa;; 2.

a. Volume of combystion products at 1,200°F,. Gp (ft3/sec);

Gp = (1,960 scf gas/hr)(11.0 scf prod/scf gas) (460 + 1,200,°R)/(460 + 60,°R)

i = 68,800 ft3/hr - = 19.1 ft/sec. -
b. Volume of'waste_efflueﬁt at‘l,200°F, GE (ft3/se¢)

£ Gg = (1,000 scfm) (460 + 1,200,°R)/ (460 + 60,°R)

= 3,190 ft3/min = 53.2 ft3/sec.

c. Total volumetrlc flow of gaqes to the afterburner chamber through the -
throat: - - T : “ .

o
i

. \ ) . . ]
D T . X R ) c = - O |
Y | Gt = Gp * O 19.1 + 53.2 = 72.3 ftd/sec,

ﬂV“3)_“_“




Afterburner throat area Ayppeat nd2/4

Throat diameter - d - (4‘khroat/")h

b

. Now the velocity through the throat is:

throat = Gtot/Athroat

Comblnlng Lquatlonq (A) and (B) above to e11m1natu the throat area
and solv1nq for throat diameter, d:

o L T
_ o8 Seot
_ T Vthroat |- o

N

‘Part 3.

For required throat velocity of 20 ft/sec:

v,

[:(4/“) (72.3 ft3/sec) / (20 ft/seci] " = 2.15 ft

A

jf....ﬂ_ o

Afterburner chamber'velocity specified at 12 ft/sec. Thus chamber dia-

{
|

meter, D, obtained from Equation (C) abave with V.. .. replaced by
Vehamber = 12 ft/sec '
‘ ‘ o, | N I
D = (4/m) (72.3 ft°/sec) / (12 ft/sec)| = 2.77 ft .
"Leﬁgth of afterburner chamber (L/D > 2) )
‘Minimm L = 2D = (2).(2.77) = 5.54 ft .
Chéck_resjdence time, t
t =  L/Vepamper = (5.54"ft) / (12 ft/sec) = 0.46 sec
Since t. =- 0.46 éec 'is greater than the minimum required residence

time of 0.30 sec, the above design is batisfactory N

A

(A

(n

(C)

(D)

(F)



Note: Natural gas requirements can be reduced by:

)

(i) heat recovery from clean gases to preheat incoming
waste effluent, and .

]

(i) using ofygen from the waste e uent stream for
o combustion,-thereby reducing primary air require-
) wments for the auxiliary fuel. ..
- . @ .

This latter option is illustrated in Problem V.2.

-
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PROBLEM V.2: Aftérburner Desi witﬁicbmbustion Oxygen from.the

i ) [ _(lr,,,

_Contaminated Efflllent

Assume that the meat smokehouse effluent in Problem V.1 has also the
same compasaition as air .(21% by volume oxygen) except. for the minute

. concentration of- contaminants. Repept the calculations of Problem V.1,
but use the oxygen feom the spokehouse effluent for combustion of the
auxiliary fuel as much as possible.

<

\

Reasonable assumgtlons are: a mixing-plete type burner (see Attach-

... ment” T- 6)~w{11 be used in this. gppllcatiénJ A ring baffle, which was

used -in Problem V. k, will therefoxre not be necessary to obtain good
a rixing between" Yhe auxi&iary f\el gpmbustion{products and‘the effluent

to be: cinerafed. R ) » )
[ T, o K . .
) 4 -, 'J.. . " s . ;
- ST SN . ‘W {
Determine: C o A '"- . 0l
st \"(‘ & ))“‘NQ’ tos ‘ /

o 3. The afterburner d‘;:

1. The hypo?hetf&al

2. The natural Jas ﬁe b
gen avallable fram O

iv&ilable heat for this afterburner appliYation.

I\"
o

qﬂigfu;nts and tie fraction_gf combustion oxy-
f'__uentai e}

> y - PR r

£l

e ons as in Pr%blem V 1 3.,
T - ¢ 4 : N : . * !‘
ot ,'q...*l ' -
v 'r"‘ a“

Solution to Problem V.2: . . . o Y

hd v -t N . -
.
.

«
#@. .-

L

Prellminary Notes on Hypothetical Avallahie Heat Calculatlons.

N

\r‘ - [l

¢

Let X e fraction of theoretxcal a;r for burning auxiliary fuel entering

y

.
L —

HE"‘

Hg =

) N i < LI ' . ot
’ J .7 s ey o

through the burner (prlmary or - fresh intake alr) o o
3 ¢ . T

1=-X = fractlon gf theoretical air from waste effluent -

- it

heat’ cowtent (enthalPY) of effluent at, final temperature

Ton R - R R

C .AT\-f (0. 24 Btu/lb— F) (T-60, °§5 SR *_,_"»

B

. 8 . ; ol

. » DR - : . L
. - - v E N 2,
.- L} e "y t . 78 \

) - o 2 ‘l\ ' ‘ A
W, = weight of combustion air from effIUent -Qh 2
G . '.-,\" T b, o . I
v A o - Y . ‘ . e,
R : o'~‘ . -t . " .'p- . ’ o g o - ) - -*"
W e A @ - _ . e i o
. i ( m) ( . X?( pAir E O . 5 B ) - T
S ‘ : e Co : : LT : )
: ° ot “ _
L x 4 ~ Y
B K >~ ~ . .
, R = 4
. L . - .
/ * . ’
. | ©L . . .
. '\,}*. .\‘ ? ) . (v_6) 1 7& ] N 1y
. ... > . . - ' 3 .
. S - <, S 21—10 ° v
‘p‘ ; - . \ ¢ ) \ e ' e . . .
. . » . " ‘¢ . \ '.. S A} Y Yo . o



1 - ,
Heat content, Q, of that combustion air at final afterburner temperature

Q = WHy = AL (1-X pH v _ B ()

N : ) M"‘j.._ .

sy Since this amount of heat, Q, is no longer needed to heat up fresh intake
4 (primary) air, it will be available to heat the rest of the contamlnated
) effluent. Thus we have a "hypethetical" available heat, QA

- N S
. P .
.. ' ) . . . v . . . .. . -
- -. . -‘ . . W "
. o _ C ‘ _ .
_5% Q + Ay (1-X) pHp (E)
o« 0 . . - . )
L T . e ’ ’ ﬁ ‘ b
. + where QA .obtained from sources such as Attachment 2-9, p. 2-31 of
Co the Student Manual - o : .
)
/I
P = 0.0766 1b air/scf : v
- " pa
. . ' ' ATh = 10.0 scf air/scf natural gas burned (typically) g
Hp = ,calculated from Equation (A)
A o i :
’ , | FOr a natural gas with 1, 059 Btu/scf gross heatlng value and the* above S
. burning characteristics, the hypothetical available heat as a function - - _
of the afterburrer temperature is: ) " - , PR
. e - * . ” \v,.':
<o ) o "%
O . . b T *-: ‘
' _ \ Afterburner TEmperature _ Hypotheticgi Available Heat
. T op : . v Q£J Btu/scf gas ,
. A - < ﬂ‘p-sv N . .', .
N : - ~ 600 o v e - ‘§3e&:~100 (1 ~ X) N
. . . 80 . . 785 4+ 136 (L -X) |
. \ LA . . .
1,000 ' : 740 + 173 (1 = X) :
-, 1,200 - 7 690 + 210 (1°- X) .
o ' ) 4 ! = ' . ’ - - ) . ’ ) R o
o < .1,400 , . .- ‘- 645 + 246 sk\; X) S I
S .+ 7T 1,600, 4 7600 + 283 (X MX) ) o
' ',' . ' - "' ,;\ hd
< . 1,80- - " o T 550 + 320 (1 - X)

¢

Cven. T .‘

e R f~f»ﬂ Oy L. o 21-1n




Part 1.

Assume first that no primary air is needed, i.e. X = 0, and all combystion
air comes from the waste effluent. This nceds to be checked; if assump-
tion is not justiftied, adjust value of X and go through the calculations
again.

Hypothetical available heat fdt* T = 1,200°F:
o' = 690 4+ 210~ (1°-.0) = 900 . Btu/scf gas
A - T _ R —_ |
Part .?

ﬂnxiliary natural gas fuel(neéded

Ggas = (Heat to raise éffluent to 1,200°F)/Q,

oo . . N .

) = (1.35 x 10° Btu/hr)C} 900  Btu/scf gas)
= 1,500  scf gas/hr

Theoretical air needed to burn auxitiary gas:
_ . ~
Gair ~ (Ggas) (Aqy,)

+

( 4_}:500‘__ scf gas/hr) (}0.0 scf air/scf gas)¥ (60 min/hr)-

- ————

= 250 scfm air.

A

Compare the above Gair'with'volumetric flow rate of wasie effluent (which
. s equivalent to air):’ ' : : -

»
L]
S .

a N . ' . ’ . g . .
if _Gair _ Geffluent’ then assumgd value of X yustified and proceed
to next part. . ’
1f Gair '% geffluent, then adjust X accordingly and repegt-anve
‘. calculations. (’ . _ B e ,
: ‘? -d.\ ‘ A4
0.‘ ) . o
. - '
* (V-8) N
¢ v _. . . . . 3
. T Y §S T
"‘-\ T . ! e ) ’ "
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Auxiliary fucl combustion products (g 1, 20008 , (:‘;

G, = (G

p gas scf gas/hr) (11.0 scf prod./scf gas) (460 + 1200)/ (460 + 60)

r

- 52,670 ft3/hr

& = 14'6 ; ,.ftB/sec.. o . . . . e

A)

Waste effluent volume at 1,200°F, Gé,-'after removing portion already.
accounted for in auxiliary fuel burning:

o o3 2idT mli o
- ’q4égT+fq,,l§o¥)°”)oo 1 min

= - . - 39.9 3 '
G (1,000. Gair) ( g ft’/sec

R 460 "+ 60 60 sec
o
Total volumetric flow to afterburner: .
‘ G o = g o+ 0
tot P - (’E

w

= ¢« 14.6 4 39.9. = 54.5 ~ gt3/gec.

Afterburner Chamber Diameter (Equation C from Problem V.1):

»

. B v . - oL .
b - [ a/m) OSRIVALE ft/sec)] - _3.40 -t

Afterburner length:

H

L = 2D ’ (2) ( 2.40 ') = 4.80 ftc'-

A
.- Residence time (Equation (E) from Problem V;1)=
LN X o .o T N
’ . m 4.80 .=~: . 0'40 |
| t = L/Vepamber ( 480 £t) / (1¢ £t/sec) = 0-40 sec
v . . . . : L] * ’ ’ N
T o N o _ . S 2> 0.3; hence O.K. .
‘ - N "_ Py . . .
‘-‘ - <

R
R
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LESSON PLAN

TOPIC: Coal Burning .

[
. .
ON

POLLUT

e COURSE: 427, Combustion Evaluation

LESSON TIME: 105 min.

' . PREPARED BY: \ DATE
F. A. Iachetta . Aug. 1978

Lesson Number: 22

l.esson Goal: The goal of this lesson is to provide the student with state-of-
the-art, information about coal combustion design.and practice.

Lesson Objectives: At the end of this lesson the student will be able to: ,
describe the deéign characteristics and operating practice of caal-
“burning equipment, including overfeed, underfeed, and spreader : ’ i
stokers, as well as pulverized and cyclone furnaces; )
discuss the parameters that influence the design of overfire and
underfire air®(in systems which burn coal on grates) and for primary
and secondary air (in systems which burn coal in suspension);

. } .
~describe the influence on the amount of volatile matter and fixed -
carbon in the coal on .its proper firing in a given furnace design; '

“and o , ..
describe how changing the ash content and the heating value of coal
can influence the combustion as well as the capacity of a spe01fied -
steam generator.
L )

Student Pre}equisite Skills: /(E:urse 427, Lessons 6, 9, 15, and 16. T

LeVel of Instruction- : Undérgraduate eAgineering or_edqivalent.

Intended Student Professional Backgrounds- Engineers, technical staff, regu- ST e .
latory officials, and others who work in combustlon—related areas of air '
pollutlon COntrol : : :

i - . *+ ) S . -' f . G - :.,

Support Materiafé and Equipment’: W . L ' 4 v '

1. ° S1idé projector | ~ | . - S C
. ’ l N ..\ . 1 ) . ‘.ﬂ
2. Slide set for Lesson 22, ..
: S
T 22-1 v ,

.‘_ ’ '??u’ - l Wik :‘. i -

o _ o R S . | . - . ‘ -
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Special Instructions: None

References:
>\.

1. Combustion Evaluation in Air Pollution Coantrol, Chapter 9.

2. Steam, Its Generation and Use, 39th Edition, The Babcqck and Wilcox
Company, 1978. q\‘

]

3. Field Surveillance and Enforcement Guide: Combustion and Incinera-
tion Sources, Enyironmental Protection Agency APTD-1449, June 1973.

4. y"Overfire Alr Technology for Tangentially Fired Utility Boilers
Burning Western U. S. Coal," EPA-600/7-77-117, IERL, Environmental Protec-

tion Agency .(Octobexr 1977).
' I 3
<

. ) . .
. ) '

& * - . <

oy



w oy

SLIDE NUMBER

TITLE OF SLIDE

&

LESSON 22: COAL BURNING \\

427-22-1 COAL RESERVES - BILLIONS OF TONS
427-22-2 COAL SOURCE DISTRIBUTION
427-22-3 | COAL ANALYSTS '
427-22-4 INFLUENCE OF FIXED CARBON AND VOLATILE MATTER ON FIRING
EQUIPMENT . '
421-22-5 CHAIN GRATE STOKER - . j(‘r
427-22-6 VIBRATING GRATE STOKER
427-22-7 UNDERFEED SINGLE RETORT STOKER
427-22-8 SECTION THRU UNDERFEED STOKER
427-22-9 UNDULATRNG GRATE STOKER ’ -
427-22-10 PULVERIZED COAL BURNER
427-22-11 MULTTFUEL BURNER _ -7 . . N
2 427-22-12k’ IfSPREADERﬂéTO%Eé SCHEMATIC. |
SR ST I
427-22-13 -+ X\ SPREADERijOﬁER TI;' L o | e
427-22-14  CYCLONE FURNA%E R "
%27-22-;5 ¢ PULYERIZED COML-FIRED BOILER k B
" 427-22-16 " ercLonE FURNACE @ T w
427-22:17 - BOILER WITH CYGLONE FURNACE - 3 :{
427-22;1&- ° COMBUSTION AIR - THEORETICAL L
| ; ’_427+22419 | ¢QMBUSTIO$IAIR - GIVEN ULTIMATE ANALYSIS
lazﬁ-zz;zoj.' EFFECT OF'COAL FiﬁING RATE A IZElCONSISf I
N'ézzezzfzyf,._ vEFFECI‘OElEXCESS ATR (FLUE GAS CO, ON_COMBUSTIOQj{'.,
S _ E@FICyENCY,, . S _ X o
_— A |



CONTENT OUTLINE ", ™ yores

%«wﬂ~3

™ Course: 427, Combustion Evaluation 5
Lecture Titfe:  coal Burning COPSTON
- A i
1. Introduction .

A. State the lesson objectives
B. Introduce Coal Rank
1. Note classification based on AST™M D-388
2. Point out that moisture is tabulated as natural coal-
geam moisture, not the moisture which may be absorbed
during handling R N R '
C. Mention the importance of coal resources and sulfur

Refer to Student
Manual, p. 3-19.

. content . . ]
V*l v1. Point oilit reserves are estimates which consider the Slide 427-22~1
- ' present technology and economics

2. Note coal reserves repfesent ten times the estimated
.energy reserves of oil, gaq‘.oil-shale, and nuclear
fuel. :

D. Discuss the availability of bituminous coals in terms Slide 427-22-2
of sulfur content and source. ’

1. Note that a modern coal- -burning generating station

N\ requires 3.5 to 5.0 million tons of coal per year
per 1,000 MWe, depending on whether Eastern or ]
_Western coal is burned. < w '
2. “Point out a 1,000 MWe output requires between 93
and 140 c¢oal car loads per day using modern 100-ton
cars.
3. TIllustrate the air-land pollution interaction reprch)
sented by ash. °'
II. Coal Properties and Their Influence on Furnace Design ) ,

'A. Ultimate and proximate analysis .

1. Remind studefts. that ultimate analysis - Slide -427-22-3
~ is a mass basis chemical analysis :

a. Point t;ash contains all noncombustibles and -
is usvilly composed .of 50% or more of silica

b. Emphasize use of ultimate analysis to compute
air uired.

2. Note th gnificance of proximate analysis in terms
of burning characteristics )

a. Point out residence-time dependency on fixed Slide 427-22-4

' ' carbon ! . .
. b. “Explain the influence of volatile matter in the | .
A ¥ . design for air distribution because.of volati- o
liqation ' .
Discuss the fixed carbon/volatile matter influ-
ence on stoker overfire and underfire air
7 d. Outline the problems of.a furnace which burns
e " coal having less héating value and higher mois-
' ture cqntent than assumed in the design.
e. Discuss the influénce of moisture and volatile - - n
: matter on pulyerizer operations. -t ' .
B. Sulfur content ' _ e

1. Note that SOx emission is dinidtlg attributable to

' presence of sulfur in coal _ N

‘2. Ac¢count for sul'fur in bottom adh, noting -about 95% : '

'~ ‘of sulfur usually appears in the stack gases as S0, ' BN

3. Emphasize influence of sulfur on "ash- fusion tempera- o
ture . S -

e
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4. Discuss coal's spontaneous ignition behavior and
the influence sulfur has on it.
C. Ash content and fusion temperature
1. Discuss the effect of ash content on the design of
underfire air supply to stoker-grate units
a. Point out bed-depth air-flow resistance -
b. Note thdf continuous—discﬁarge grate drives
require ash content to stay in a given range
2. Use emission facto? information to illustrate par-
ulate emissions as a function of ash
~ a. Note the effect of fly ash re-injection
* b. Poin® out that the computation is based .on the
% ash,| e.g., 10% ash gives uncontrolled emission

Discuss, range needed to avoid "clinkers" or slag.
b. Note the need to have a temperature high enough
to permit particle "freeze" while gas is entrained.
c. Outline the temperature-viscosity range required
for cyclone and wet-bottom furnaces. A
III. Coal Firing Arrangements
A. Explain methods of stoking
1. Point out that the overfeed principle ig essentially
the mechanization of a man shovelling coal Over a
< hearth onto a grate-supported fuel bed.
a. Note the variety of stokers using the overfeed

' : principle
(1) cChain or travelling grates )
(ii) Vibrating grate ) -
b. Discuss the use of sectionalized ‘wind boxes under
the grates.
‘ﬁﬁi c. Point out need to vary underfire air pré%sure

from compartment to compartment
d. Dascribe the location of overfire,air jets rela—
y tive to _"green& coal.
2. Discuss the underfeed-stoker operating principle
a. Note that the method requires little or no over-
fire air since volatiles must pass through the
burning bed
b. Illustrate the mechanical design provisions-
’ ' to help deal with a high caking-index problem
3. Outline suspension burning principle: the combustion
of a highly fluidized solid - '
A. Note that high fixed carbon requires either longer
. residence time or a finer grind ,of coal.
b. Explain air distribution noting the use of pri-
mary air to transport coal. .
. c. Point out there is an option to introduce .secon-" :?
e ' dary air either at the burner or elsewhere.

e . ) 22_5 I'

Refer

Manual,

Slide
Slide

Slide

Slide
Slide
Slide
Slide

to Student
p. 5-30.

427-22-5
427-22-6

427-22-7

427-22-8
427-22-9
427-22-10
427-22-11

s 18
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4.

d. Discuss the effects of ash content and wet
versus dry bottom on particulate emissions.
Describe spreader stoker as a way to combine the
suspension and overfeed principles
a. Note the influence of feed coal size consist
_ on dust loading ’
b. Peint out the usual size: 1 to 1k inches
nut and slack, less than 208 fines with an ash
) content of less than 10%
c. Give boiler steaming—capacity range up to
400,000 1bs/hr
Note the use of either dump or c0ntinuous ash
- discharge grates and problems with dump type
Discuss the cyclone furnace. Nobe it is a hori-

d.

' zontal, cylindrical, water-cooled furnace.

Note that coal is crushed so that 95% of it

passes through a No. 4 screen

b. . Explain the conversion of coal to slag and pay
pgrticular attention to the importance of ash
fusion temperatures

c. Point out lower particulate loading and higher

NOy, relative to other coal burning units

a.

Burner Location

1.
2.

Explain all graté-burning systems

Discuss various pulverizer arrangements, including:
a. Front-fired units

b. Front- and back~fired units

c. Corner~fired units

Compare cyclone furnace location with other burner
systems

Discuss load variations which can be tolerated by
different burning arrangements

a. Point out single puIVerizer turn-down ratio may
be 3 or less-

Note that spreader stokers tend to smoke when
operated at 25% of design or less.

b.

Define volumetric energy release rate and discuss coal
feed rates for each type of feeder

1.

Emphasize single underfeed stoker applications

usually are limited in size and produce 25, OOO to

30,000 lbs/hr steai generation

a. Noth the need for ash fusion temperature above
2,400°F and minimal fines in the coal

" b. Note the grate criteria of 400, 000 Btu/ft2hr -

with waterwall or 300,000 Btu/ft Zhr if refractory
‘walls :
Chain-grate stoker firing ;ate rangen from 300,000
to 500,000 Btu/ft2hr
a. Point out that the higher value applies to coal
- having low ash (5 to 12%) and low moisture (less
than 10a moisture) and that the lower value

corresponds to 20% moisture, with 3 to 20% ash
: v _ o

226 - .,

Refer to Student
Manual, pg. 5-30.
Slide 427-22-12
Slide 427-22-13

“c

slide 427-22-14

Slide 427-22-15

illustrates a
front-fired unit

Slide 427-22-16
Slide 427-22-17

A
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Iv.

ab

Alirxr
A.

r

Requirements and Distribution
‘Total combustion air

1-.

Alir
1.

2.

Discuss the influences of travelling or dump grates

on the firing rate for spreader stokers
400,000 Btu/ftzhr maximum for dump grates and

a.
up to 750,000 Btu/ft2hr for travellingygrates

b. Note the value in either case assumes an ash
content of less than 10% and at least medlum
volatile coal

c. Explain that a response- ~-time advantage can be

gained by using a thin fuel bed (2-4 inches) -
Point out the water- cooled grate feature of vibrat-
ing grates
a.
Discuss the differing criteria which give rise to a
fuel rate based on 450,000 to 800,000 Btu/hr ft3
in a cyclone furnace.
a, Remifd students that a dry-basis ash content
between 6 and 25% is desirable.
Indicate the need for low-sulfur coal _
Discuss gulveriZed coal burner energy rates up to
165 x 10° Btu/hr
a. Point out the need for high volatility coal
b. Note dependence of fineness on ASTM fixed
carbon rank (70 to 80% passing 200 mesh screen
with fixed carbon 69 to 86% respectively}

b.

r (]

Show compidtation of stoichiometric air using equa-
tion 9.1, p. 9-6, Student Manual:

4

A Y

11.53C + 34.34 (Hy - %_2) +4.29s

Note that C, Hy, O, S are precent-by-weight of

a.
these elements as given in the ultimate analysis.

b. Point out that the analysis used should be con-
verted to an "as fired" condition

c. Explain the (Hy - 93_) term is "free" hydrogen

. - 8 Y.
and point out that this term assumes that all
the O in coal - is combined with Hy to form water.

. Note that the excess air is ‘a percentage of the

stoichiometric air

distribution

Explain how air distribution depends on the burning

equipment and the coal rank

scribe overfire air versus undergrate air for

stoker units

a. Note the overfire air is usually provided by a
separate forced draft in the range of 20 to 30
inches of water col T '

'S
t

. T 22=7

Note the maximum release rate of 400 000 Btu/ft2hr

-

P

Slide 427 22-18
This slide™in-
cludes a sample
computation with
EA. :

Slide .427-22-19

Refer to Student
Manuval, p. 9-17
and 9-19 for
diagram of equip-
ment.
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V.

b. Point out that the usual place of introduction
coincides with where the "green" coal enters
the furnace.
c. Note' that overfire air ranges from 5-15% with
the larger figure used with higher volatility
_ coals. f
3. Describe the cyclone furnace air distribut dn indi-
cating the three distinct divisions:
a. Primary air is introduced into the radial burner
' with coal, 20%.
b. Secondary air is introduced tangentially at
periphery of main barrel with a 300 fps velocity
c. Up to 5% can be admitted at the center of the
radial burner
d.Mote that the total air includes from 10 to 15%
excess air. '
4. Describe the air flow for pulve%il?d~fired coal
nozzles. _
a. Note that primary air, which also transports the
coal, is used at a rate of about-2 lb air per
1b of coal. 6 . )
b. Note that the alr velocity ranges from 4,000.to
5,000 fpm with a 3,000 fpm minimum.
c. Indicate that secondary air may be introduced
" at the burner and can be as hlgh-as 600°F in
temperature. <
d. Describe the need to operate the igniters con-
tinuously because of reduced furnace temperature,
wet coal, or when volatile matter is less than
25%,

Instrumentation and Operator Practices

A.

Plant instrumentation
1. Note that the degree of sophist}cation depends at
least in part on plant size and function.
2. Point out that the basic instrumentation is designed
to assure safe, economic operation
3. Describe instrumentation needed to provide measure-
ments of the following factors:
a. Air flow at various points
"b. Fuel flow
¢. Stéam flow, where applicable
d. Gas flows, where Ppplioable
e. Flue gas CO, or Q2 content
f. Smoke opacity meter' '
Forced alr, induced air, and furnace draft
. Overfire air pressure _ :
Operator practices - .
1. Describe the use of flue gas. C02 or O, meters as an
operator aid. '
"a. Note that the .0, meter is very useful if the
-ystom burns multiple fueln .

22-8
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2 Point out the importance of ash content as a
cursor of particulate emission.

. pre- :
3. Show that the size consist of coal supplied to‘/////f//

stokers can sharply influence dust loading.

4. Note the importance of not overloading a unit.
5. Show the efficiency benefip which results from

operating with minimum excess air.

-6. Describe the importance of good maintenance in

limiting air infiltration.

L3 e

g

o1l 1ol oQ

Slide 427-22-20

$1ide 427-22-21
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TOPIC: So0l1id Waste and Wood Burning

b INSTIVUTE
TRAINING | COURSE. 427, Combustion FEvaluation

r LESSON TIME: 95 pun
. PREPARED BY DATE

F. A. Iachetta ~ Aug. 1978

A : Y e
' Lesson Number: 23 : - ' ’

Lesson Goal: The goal of this lesson is to inform the student about the state-
of-the-art of solid waste and wood waste combustion and air pollution con-
trol. :

Lesson Objectives: At the end of this lesson the student will be able to: . -

" 1list the important similarities and differences in'physical and chemical
properties of solid waste, wood waste, and coal;

- . g

describe the mechanical configurations, required for complete combustion

of solid waste and wood waste and compare with those for burning

3.

coal; and e
S -t e

... 7

* i X

"describe the unique combustion characteristics and emissions from burn—
ing unprepared solid waste and refuse—derived fuel

Student Prerequisite Skills: 427 Coﬁ%ﬁe,'Legsons 6, 9, 15, 16, and 22.

Level of Instruction:' Undergraduate enginéering or equivalent

Intendel: Student Professional Backgrounds. Engineers, technical staff, regu-

s pollution control. . ) ‘
' i PR ' ' 7 —

' Support Materials-énd Equipment: v _ » S ) @
> 1. slide projector o N L ?' ¥
2. Slide set for Lesson 23. s ‘ . R
‘Special Insérﬁctiong:. None o . T " ‘_J_-‘ I Y
References- . : '~5' ' , - . : . . "
1. 'Combustion Evaluation in Air Pollution Control, Chapter 10 ) _
».."'5‘ 'I‘;_ -~ - | L , R . ", _ -._' '
R 23-1 - - e, .
C . - , 7 - - BTN .
’ ‘ It 1 q t R
19‘9 ~
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How They Affect Emissions from Wood-Was Fired Boilers," Proceedings of 1976

2. Adams, T. N:, "Mechanismg of Paggicle Entrainment and Combustion.and

National Waste Processing Conference, ASME, pp. 175-184 (May 1976).

3. Shannon, L. J., Fiscus, D. E., and Gormpn, P. G., "St. Louis Refuse
Processing Plant," Publication No. EPA-650/2-75-044.
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! + LESSON 23: SOLID WASTE AND WOOD BURNING
5‘;\‘ : 427-23¢1 . © AVERAGE COMPOSITION OF MUNICIPAL JASTE Wt <
| 427-23-2 |  AVERAGE ULTIMATE AMALYSIS - = . - | -
f 427-23-3 WASTE IN AN INCINERATOR STORAGE = - ) L
— TW2Ts23n T THOG FURL STORAGE BPILE T T T 2
421-23-5 ! CLARIFIER SLUDGE | ; o N ‘
427-23-6 . ULTIHATE ANALYSIS OF DRY HQGGED'FUEL . )
A 427-23-7  °©  SIAE AND MOTSTURE CONTENT OF HOGGES FUEL COMPONENTS -~ l-...;.
427-23-8 | HEATING' VALUES OF BARK AND WOOD LT N
427-23-9 . . HIGHER HEAT VALUE OF MUNICIPAL WASTE COMPONENTS'
- - 427-23-10 © FLOW CHART - REFRACEQ?Y WALL INCINERATO% |
. 427-23-11 CHAIN GRATE - N | N !
. | 427-33-12 o RECIPROCATING GRA%%é o - | .
427-23-13 "‘\ REVﬁCfE RECIPROCATING CRATE S T | ;,
| w21-2m14  wasT FIRED BOILER WITH BARREL GRATE = R [
'° {ﬁ, o 427-23-1 DIAGRAM OF ATR-SWEPT SPREADER STOKER &OZZLE ~ o \\:'”
" 427—23;"  AIR-SWEPT SP?EADER ON WOOD—F}RED BOILER o ['  o i'_‘. )
. W427-23-17 . ENERGY RELEASE RATES - SOLID WASTE AND WOOD WASTES L.
‘, 33_"23-18 - HARRISBURG INCINERATOR | o .
k . 527;23;;9' .i§0LID WASTE BOILER WITH RECIPROCATING:GRATES - L ..<.L‘ v
':_aéz;za;go. - puicqfovzn FIRED BOILER :.-f e o ~,<;L
e TR S A Lm | . . X
- 427-23-21 . FUEL CELL FIRED WOOD WASTE BOTLER : v
: fJ42i¥235221””fjf.'?INC£;NED\GhATE'WQObﬁWASTE gQiLER_ :}_'T]f.~_";_.__‘ DR
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Course. ‘ 7, Combustion Evaluation ' )
Lecture T/tfp. Solid wasts and Wood Burning " 7'°“ ¥ -
o
1
1. Introduetion i
' | A. State the lesson objectivel -
' B. Announcd that this lesson is primarily concerned with
"~  the combustion of municipal solid waste and wood wastes. )
Munidipal incinerators (50 T/day or larger) and wood
» ' !.'ired boijers will be discussed.
o - . ~ Discuss tha composition of municipal waste to - - - 8lide 427-23-1
. illustrate the variety of components..... I
a¥ Ultimate analysis of waste 1nc!ud1ng required L 8lide 427-23-2
N alr computations _ .
) . 'b. Combustion characteristics of wood and nmnicipal
-, so0lid wastes are similar because municipal waste
N contains a high percentage of paper and wood ° !
- . (approximately 45 ~ 50% as r caived) . ™ _
LY L. c.- After metals and glass are ved from munic(pal
_ waste, the analysis on‘ mi ture-free alil is ) ,
. ' yery similar to wood waate A
- B Non-flow characteristic o! municipal was o \ 81ide 427-23-3
. usually rcquirr mdchanically 1nduced .
/ tumbling. . /
: & Hogged fuel exhibits same non-!low characteris- . .
» 4 tic (note sheer face evident in Slide 427-23-4). Blide 427-23-4 ’
' £. Pulp and paper plants, include waste-water clari- Slide 427-23-5 .
o ' f4er sludge in hogged fuel. . : . ) "
', 5 2. Discuss the similarities,of the conbultibility char- \ \ .
_' . B v acteristics of wood hogged: fuel and solid waste. o .
. . a.. Proximate Enalysis.(moisture-frese) emphasises Refer to Student
' the low uh, highly volatilo chuaotorilt‘c- of ‘Manual, p. 3-23
v A wood. '
. i : b. Ultiuto amlflil 1ndioa€u total carﬁon oorton't Slide 427-23-6
“ . , contrasts With low fixed oarxbon. The 1-plication ) _
' > is that the carbon is hrqdly'\:iod up in volatilo\
L matter hydrocarbon. /
c. Low ash content of woq& and hbggoth fuels uanls S
" grates must be cooled by qir or water when not
' o , o covered by a deep fuel bed. (Dutch oven designs :
e R provide an exanple using a deep fuel bed.) A
S 4. Puel particle sike distribution is important 'l Slide 427-23-%
, . | - bacause particles with diameters of°1l mm can be . | - .
S T ’ entrairted by furnace gases. Wood doqnit} is j 9
5 : e . usually 0.1 to 0.5 gw/co. ] . _
R "~ e+ ' Restidence time in wood and waste boilorl are in
o | ' the range of 2 tq 4.5 seconds (c ed to 1 to ¥
. ' . . 2 meconds in goal-fired units). Shis residence , N
e o time is inadequate to assure burnout of larger . B ‘
: ' particles which are entrained (1), ' - _ .
: \ - €. JNood and wqod waste heating values are similar - 8lide 427-23-8 .
2 B to those of nunioipll solid wnto wmnto. _ - 51140 427-23~9
" ’ ! ' Municipal Incinerators -~ . ' -
o A. Note that mnioibnl qnoinontou have bun duiqnoﬂ pri-~ : N
~ marily to burn vastes as a means of disposal rather than ; '
1. a8 enexgy recovery dsvices. This practiqgd is changing °
. to 'take advantage of ‘the favoraple ecpndiios of energy ’
T utlnntlon. N , & Lo A

. . Lo !
G e e T LI
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B. Discuss why general design considerations do not now )
° u result in a reasonably fixed "state of the art."
1. Jtesent dedign features of refractory walled inci- Slide 427-23-10
. nerators with no ‘energy recovery provisions:, '
.':> a. Customarily with a primary and secondary combus-
Y & N ., tion chamber. < "
. b. Sloping front and rear arches to ‘provide radiant *

energy transfer to the surface~of the fuel o

) : the grates. ) ﬂ>

' ¢ C. High excess air (300 to 400%) to hold terfipera-
‘ tures within a range tolerable for refra%tory

: materi&IB: N

‘ . 2. Describe batch—fired units whi¢h have a time variable .
Purnace temperature which can fluctuate between 1,000
and 2,0000F.

3. State that modern incinerators are designed to |
. - recover energy.
- : S a. Water-walled furnaces allow firing with 50%
. excess air. !

_ - R b. Continuous feed of combustibles is desirable o, '
* . rather than batch feed.
’ 4. Describe a variety of firing arrangements, eadch with
a particular means of agitating and tumbling wastes: ,

a. Chain-grate units adapted from:coal burning Slide 427-23-11
i technology but not arranged in sections which 2
M . cayse wastes to tumble. . '
Y | b. ciprocating grates which permit alternate rows /" Slide” 427-23-12
¢ T of grate segments to move.. (Note use of air- '
s ) : cooled wallg.) . o
c.  Reverse reg@iprocating. grates are used to tum¥le ' glide 427-23-13

)‘ . waste back up a gentle slope. Allows a wi

. for mostrother ‘systems, _ : .

d. Barrel grates slowly tumble waste to e_maherial slide 427-23-14

N4 ~through the furnace. '
e. Air-swdpt nozzles serve assspreader okexs to -1+ 8lide 427-23-15
.distribute fuel over a travelling oy dump-type : ’ '

% ' v - grate, Similﬁr norzles are employgd in wood- ' . _
N ] . ' . waste and hogged-fuel-fired boileyh. .Slide 427-23-16
%g III. General Design Rqrameterg for Solid WaBte and/Wood Waste- ] B o
. Fired Boilers | v -] e
: ' A. Consider energy relqase rates. . . ' , . !
1. Give grate-firing energy rates app icable to mass | slide 427-23f17.’,

burners| .- : . . : N

a. 400,000 Btu/hr/£t2 for batéh fFeeding : :

“b. 300,000 :Su/hrlftz for contifivous (moving) feed

' grates _ “ow

; 2. Presen volumgtric energy rele pg rates (about

N 20,000 Btu/ft; ) and residence/ ime of 2 to 4 second,
' hopendlng on ﬂaed mechami sm. L

B. Deascribe combuation.air design pArameters. * ‘
1. Rnfrgqtory-walled !urngcos equire,200 to 4008 excess : )

ai_r. P ' . i ., : 7 -

i - : ‘ " ‘
‘ x €
e n:i T_. .
, | 19¢. - :
- e - ; ..l..A.. e ‘ii'.. R ’ - v - . . ¢
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a. Temperatures required are limited hy refractory
wall material (usually calcium silicate brick).
b. Cast.iron air-cooled wall sections reduce excess
air require 8 to about 150%.
2. Note that the high volatile matter of wood or solid
waste requires a high percentage of over-fire air.

- -3+ Describe the useVS‘_an arch close to the grato,

near the end, to sure better burn-out; notice that

the drying zone requires the greatest under- fire air

pressure. -

a. Note: Drying zone with low furnace arch arrange-
ment is evident in the Navy Yard boiler shown

in-$1ide-427-23+19,  low arch at the burn-out

. Slide 427-23-18

Slide 427-23-19

end of grate is evident in the Harrisburg inci-
nerator, Slide 427-23-18. Harrisburg also uses
the reverse reciprocating grate shown earlier
in slidd 427-23-13.
4. Note that dutch oven furnace designs usudlly tequire
primary air supplies both under ang over fire, with®

" Slide 427-23-20

¢ “» additional secondary air added close to furnace
~ aperture. )
¢ S. Point out that fuel cell concept employed for wood Slide 427-23-21
- burning is essentially a qodification of tWe primaty-
secondary zone concept used in solid waste incinera— -
tors
6. Note the uT' of inclined water-cooled grates to pro-
vide severdl improvementa for fuel feed and vola-
tization: v
' ~ a. Steepness of input region ensures flow; it assures
) a relatively thin drying zone gn an uncooled Jre-
_ fractory section. . ¢ Vo
¢ ~ 'b. }sser slope near discharge provides for ash -
ccumulation, but also gives somawhat higher
temperature bed (thickness of ash insulates) . ,
for better burn-out of larger material. '
“7. Notice air-swept spreader-stoker units closely re-
\ : semble coalifired boilers.
) IV. Consigler co-firing prepared solid waste with btﬁer fuels )
A. Describe the processing necenaary to ramove metal, glass,
"and other nop-combustibles. : '
* 1. Discuss the shredding operatgon. ' o
" 2. Note the spparation of a "1j5ht" and heavy traction.dk
3. Describe various methods foff storage including . '
J -prepared pellets or briqueftes. : ' P
B. Discuss methods of firing
. 1. Describe suspension burning with coal or oil. (Note
e ‘energy input range of 10 to 20% of total) s )
. | 2. Describs use of. briquetto-form waste fired witq coal .
- ' ‘in underfeed stokers. .
- ) 3. Note the problems associated with firing polletifed
" . _waste with coal on chain- or travelfing-grate stokers. .
;T‘.‘ Discuss co—!irinq systens where air-lv.pt spredders ] :
A ) _ firo waste as the main fuelj gas or oil may be’ ﬁlod
'. -: e as a secondary fuel. : . (,.A\m
L _
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Lecture Title: Solig Waste and Wood Burning

~

Outline the problens which arile from co—firing waste
- with coal in units driginglly designed only for cosl.
1. Note the Jecreased precipitator efficiency. -
2. Discuss the increase in total stack gas flow; this
' \!a probable cause for reduced ESP performante.
Note the detrimental corrosive effect of hihh
“‘moisture stack gases, caused by high-molsture con-
tent of waste. )
4. Note that alterations of stack gas. (ip response to
higher moisture) can be an adverse influence on ESP
performances.

3.

5. Point out that the redxed mke;ﬁﬁiﬁ ﬁ fly-ash
q ] L4

_graih remaining in it.

&
*

o R e
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TOPIC: problem Session VI: .
Combustion System ,

Calculations 5
[}

g -

COURSE : 4f7, Combustion Evaluation
LESSON TIME: 60 min. .
\PREPARED BY: - DATE :

J. T. Beard *Nov. 1978

Lesson Number: \24

' "Lesson Goal: _ The goal of this lesson 1¢ to provide the computational metho-
dology used in evaluating selected combustion system problems.

Lesson Objectives: _At tne end of this lesson the student will be able to:

compute‘the‘rate of energy“delivered to a boiler, superheater, .or econo-

mizer;

~ . - . ﬁ '

) 1 o -
{ compute the fuel requirements for a given combustion system;
. compute the savings resulting from reduced flue gas losse® which accur
Ty when a combustion unit is modified to provide a reduction in the amount
. ' ‘of excess air.. S

. - ‘ ’ . .
Student Prerzauisite Skills: Course . 427, Lessons 6 through 23. . (
e A ; P o | N
- Lével of Instruction: Undergraduate‘engineering or equivalent. 3 \‘ ’

Intended Student Professional Backgrounds: - Engineers, technical staff, regu-
' latory officials, and others who work in COmbustion-related areas of air

pollution control. : . _ I ) L
. . . & . : : '
. Support Materials ‘and Equipment: o - . L NN .
B S #h ' Y ) o -
. PR Wbrkbook for Combustion Evaluation in Air Pollution Control, Chapter vi. -
: e :~ 2. Chalkboard,' _::' DR . S . L ' ‘
. : | o - - ' ' o
L 3. Hand—heIdrcaloulator,Or slide'rule * . \
T ‘ R, :
Special Instructions: Assis he students ‘who have difficulty in working ,
SN Problem VI.1l on their hssign Problem Q} 2 ‘for homeqork N
'ﬁ _Referencesz Combustion Evaluation in Air Pollution Contrﬁl | '_f(_' ‘i_; _
“ . . . . . . ] . .
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Course: 427, Combustion Evaluation

Lecture Title: 2,

Problem Session VI

CONTENT OUTLINE &

Introduction
A. State the goals and objectives of this lessOn

B:

Goals are to be achieved by:

1.

Students working problems independently

a.
b.

.In class

Homework assignment

2.

Discui!ion of solutions of problems

_ B. Assign Rroblem VI.2:

R Mhodology Y IR
A. Assign Problem VI.1l: Fuel Requirements for CombustiOn

Installation, to be done by the individual students
during the class period. .

"Combustion Improvement, to be
started during the class period and to be completed as
a homework assignment.

Sr-—-Aasist—individuals . hy.ansunring_quasﬁignl _regarding

A

golution techniques. _

D. Answers to Problem VI.1 may be confirmed during the
class period; -and answers to Problem VI.2 are to be
confirmed in the Homework Review period.

L
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;5/, RN ' COMBUSTION SYSTEM CALCULATION . g
| |
4 l - i ‘~ ) +
PROBLEM VI.l: Fuel Rnggifements for Combps'tion Installation
! . ' " |

»

-j A steam generator &s rated at 400,000 1bs Bf steam per hour. Steam (99%
dry) leaves the boiler at 1,500 psia pressure and enters a supdrheater.
Steam leaves' the superheater at 1,400 psia pressure and a _temperature
- “of 1,000°F. The feedwater for this unit entars the ccon‘:aitr at 300°F .
an§ leaves at 400°F. The overall thermal efficiency of the steam genera-
tor is 748, The enqrgy and water losses ag;o\ciatod with blowdown may be

neglected. - .

AA \ : _ ) .‘.-. .‘. . ) | .

' Cﬁmto L : - SR
R . . . ’ . ‘ ~—. )
v l. The rate of energy delivered to the: \

(a(). economizer, _ l . .
4 ‘ . ) ‘ . (b). boiler, . o .' . : | \ . R
L em ; . (.c) 'supérhutir, and S i | | T | __.‘ :
| . ;(d3 *;h. tdtil.dillvnred.". | S | | | _'“'. .
2. The fuel enprgy rc#ﬁlt:d,-ni;!ion.atu/hz-. | —
A The fra'e:io_t:" of the fuel m?nrqy which is absorbed in t':l}e. )

‘ X a L (aY 'oc&o'ni-:'c_r.' .o AN
. e ". g T | ( _(b)._ "bbi.]._cr, jtfld;ﬂ . he . - o

Y
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R  SCHEMATIC DIAGRAM FOR PROBLEM VI.1

L 4 (]

- .- . - . : * ' . - - S ) - . . v . : ’ [—
- ¢ - - Pa= 1,500 o p,= 1,400 -
3. _ Super-= 4
psia Heater psia

- mg= 400,000 quonqmizer" L ; Boiigr‘
— . ‘ ';——;3F B

lbs/hr | | |
—_— e — ' o .
B | 596.4F s | ty=1,000F

‘t{= 300 F LB ft,= 400 F B . - t3=596.4 |

"”“'fhi"2‘9.7 B/1 ; _ - -hz' 375.1 | | _ X3 _ . y _
| - A “ B/1b . S | . e 7 B/AD -
Q - | e, o /{

; * ’ ‘- ' - ‘ ’ . a - k - R - ’ - . \"' ' A '. - . '

‘ f\7> _ S - “ hy= 611.5 + 0.99(557.2) | o

L 3
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1 R
[ X
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Bolution to Problem VI.l: | SRR :
. . . L ]
From the steam tables one may determine the enthalpy values of the feed-
water and steam: )
Economizer inlet: t, = 300°F, - 'hy =" 269.7 Btu/1} - . '
Economizer exit:  t; = 400°F, h, = 375.1 Btu/lb
Boiler exit: p; = 1,500 psia hy = 611.5 + X (557.2)
— .ty = 596.39°° = = 611.5 + .99 (557.2) .- .. .
x = .99 = 1163.1 Btu/lb , e ]
Superheater exit: pgq = 1,400 psia hy = 1493.5 Btu/l'.b .
: ~
’ J tg = 1,0000F - _ '
1. Compute the energy delivered to each seciigu;i.nq”tquation 4. 13
on p. 4-10 of the’ Student Manual. - n
. ' ! /
a. Economizer: o o |
: ) . ~ " -
. , | . i \ . .. ..
Opg .= Mg (2 - hy) - . :
- 1b steam , - Btu *
400,080 =2 - 375.1 - 269.7 ) g -
= ~42 x 10° Btu/hr :
b. -, Boiler: . o : | o ~
T Qg ™ Mailhy - hy) .
o . 1b stean | B; \
- - . __\l ,
A 400'000. R (1.16?.1 375..1 ). b
- Y A e
.- 315 x 10 Btu/hr - . ‘ .
) , ) s . . , . . ; 2
e Su'porhcatc:x'. o - | | "i ,
- 'Q;s"- mg (hg - hy) L S
o ann o 1b steam ‘ | | ]
- 490,.909 -——h-r—-—- (l 493 5 > 1 163 1l ) ‘\F“
‘ ’ '.-.~ . . EE. _ B .. . i . .. . ‘ "_. '.
= . 132 % 108 Btu/hr WI 3) P L TER




Qs * %,

+Q.

(42 x 106) +

489 x 106

g

.

(315x109) + (132 x 106) Btu/hr

Btu/hr

'

. "H-,; .

v v

.

-
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2. .The fuel ‘enexgy input requirod n\ay be determined using Equation
4.9 on p. 4-8 of the Student Manual:

;." ’ . ¢ ""
( 489 x lOg Btu/hr
n ' (.74 )

= 661 x 106 " Btuw/hr . N

A

. ! '
3. The fraction of the fuol enexrgy which /ur absorbetl:

y e a EcOnmnizorx *
| Qap 6. Co
; g (42x107) | g63 -« 6.3 .
. O - teeL x108) —
L . . ) _ . .v), ~

B;:ii,_r,' | \- - E ?

A

. ] Y
(661 x 106 ) |

. . L .
N

. Superheater: L ; e o,

y - B h T ! . .
e ) . . Q » R . . . o -.
v \ ' .M132x108) L g9 . 20.0° - %

9., T tesL x 108).




N\
* - J »
>
' L ]
PROBLEM VI.2: Combustion Improvement
v ' | N
- - Combustion modification of a béiler resulted in changing the excess air
as may be determined fxom the following Orsat analyses of the tlue §asz
. ~N ~ ‘ ’
o Gas ‘ 'Before Modification After Modification
o . ' - , - .
CO, . 10.1s « : 15.0%
. # ‘ - .
::iﬁﬁ*f”“”fl“fff”"} 02 f ... . 8.3 , ' L 3.1 -
' ;\ o .
o 0.1 . . 0.0
L 4 i ¢ .
| N ¢ h
The fuel fired was lignite coal whigh has the following analysis: . : N\
0.224 S, 6,39% HA, 37.378 C, 0.61% N,, and 44 99% 0,. The heating value
is 6,010 Btu/lb and the proximate analysis is: ©36.93% moisture 24.92% ,
volatile matter, 27 72% fixed carbony and IQ~43t ash. ‘
The unit operates 7,700 hr per year with an average load of 5 3 tons of
coal per hour with a fuel cost of 75¢ per 106 Btu. Assume. that-before
and after the modification, flue gas temperature was 355°F; the refuse
was 0.1062 lb per lb of coal: and the average combustion air was at
75°F.
".-\ , .Compute: ' ég_ _
:" ..‘ " :' ‘ . . . . . )
i§%g _ " . 1. The excess air : . ' - . f-' e
h (a) before the modification, . : ;I'_ oLt
(b) .aftar the modification. . ’
2. The thcorotical air required to burn a pound of the specified
coalo ° PRATN
3. -/The thcorcgicallflue'gas‘produced from firing a pound of coal. o
- . ' . N N .' - -- . ) . .-y\
- 4. 'The actual flue gaq'produced per pound of 'oal-y
| (a) 'btfoie the modification, ' L} _ L | S fﬁn
o _' (b) atter the modification. C e o X
. , . _ _ RS
'Tq“” - " The chanq. in flue gas energy. loss per pound of coal. o SN )
N e . ¢ . T
R : - ‘6. The value of the annual savingq from reduced flue gas losSes, | . & 5
- ‘which occur because of tha modification - - S T Y

L]

“_: - \) . . K __‘ .- .. . o . .~"- -(V.I 5) - . 2- O \ o ’ A . - ) : E » X v o

. y . s LI . B D R < - + . . Lot
pe g br N S . - : v - ! L ..':. - . . - . . - C L .t '
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_Solution to Problem VI.2: ' . . '

1. Coi\p.utc ‘excess air knowing that:

. v ,
Ny = 100% - CO % - Ozt - CO%s
» o )
*
; a. Before modification:
| . e Y
o o Ngo-w - 100% = (10,1 ) = B3 )m (0.1} m  BLLS M
. - \ Lo ]
. Det{ermine MEA from Equation (1), p. 5-23 of the Student Manual:

Y. .- , * _ * ' _
N . (O0p ) < 5 (CO,) ‘ ‘

. ' C _EA = 5 26422_ . CQP x 1008 .

’:‘ S | | I - . '_Nz - (°2p - 0.5 cop) ’

\ ! -
* .

™

U (8.3 ) =0.5 (0.1) " lo0n
- v 0.264 ( 81.5) - (8.3 -0.5 (0.1 '\R : .

b. After modification: . . SR S
S - Ny = 1008 - (15.0) = ( 3,1) -(0.0 )
\ " l .
« - 81.9 . _ '
, - K \ . | . | y
: IR 3.1 -.,0. 0 .
EA ‘= - ¢ ) > ! ) 'x 100%
0. 264‘1 81.9 ) - (3.1 - 0.5 ( 0 :))
“.'\"n‘ .'#- ; . b
’ = ‘16.7 . ‘ — ‘
E T C2s 'm. thiorct:l.csl air reqnirid is found trom Equation 4q. 1 on p. 4-4
. - of tho Stuq!cnt Mlmul @ i - ,
o A m 11,83C 4+ 34.34 (Ay - —— ) + 4.298 )
R U L ' v B

. m 11,83 (F3737) +, ai.aif(;osss--' - 44994l») + 4 29 ( 0022 )
oo :.‘_ ‘ e o . «-‘ —“a\, . . ‘. . .

E ;-ii‘:#;v,:.

” Jé'wa . 4,58 . f' airllb coal

(VI-G)




.‘l . ¢ . . N . . ’ ' \
j_.' The theoretical. flue gas per pound of coal fired may be obtained :
from Bquation 4.2 on p. 4-5 of the Student Manual, with me = J1: ° \

) ' .
G = (mp =~ nopcombustible) t mg A,
[ 4 . . . ﬁ—‘
= 1 -+ (.1043) % 1 (4.58)

~ 548 . 1p gas/ 1b cé\.i

o - B | \ e - o . i
BRERRREE -*-------45-.«--\80-20:—_. -the -modification the -actual- -flué\gas per pound of coal N T
. e e e e ",.-_._w". . ‘\ EEEEE . e . P - . -‘a - . - . R . ) /

l R .* . . '
Gf = AE + G ‘ : W '

\}

- .‘EA (A:t) + ‘G‘\ ' ]

» R | *

= (.622 ) x (4.58) + (5.48 ) r L

Al

v . 8.33 1b gas/ 1b coal fired . PR

;o — = T - toL

! S . *o _ = | ot_._f

. 4b. After the modifibation the actual flue gas waa:
I‘

| - .
G = (.167) .x \(4@336' + (s.fe ) s

\j 8, As 1t: was atatod thgt the avoragc ambient and flue gas tempera- S
v - tures did not change after:the modification,: the difference o e
WS . in flue gas energy loss may be %teminod using Equat:ion 412
A Y " on- P 4-8 of ‘the Student Manuil

...,AQfg' - G betore G an’r G (cfg ._mb)._ -

o “ A oW (8.33°' - 6.24 ) x' (0. 25 -Bf-‘-’-) x . (355 - 75 )

IR :'6'.;4 l'qqs/ 1b coal fh»ed .

Goew 46 Btu/lb coal fired
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6. The,value of Fthe annual savings .resulting from reduced flue
,"(7" gas losses will be: ~ '
. : e . .
Ahnual _. cost 'Btu ' 1b coal . hr
- x A —— X my =222 x ‘time
(‘{ y saviwngs ' Btu Qg 1b coal -t /hr year / y,

I,_ - ’_/-'

) . .
! L]
* :

$-75 - \ : -
—_— . Btu __ 1b coal
106 pea X -( 146 ) oo x (5.3 x 2000) -—-r%—

<. \. ’ \\

. K « - . .
J . \-
= $§ 8940 per year
: D
k] «
[ N N ‘
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- \
4 ’
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LESSON PLAN

F'a

Controlled-Air Incinerators

TOPIC:

427, Combustion Evaldatjon
60 min. -
" pafe.

Aug. 1978

COURSE :
LESSON TIME:
PREPARED BY:

J. T. Beard

A

. j,.{e mu{_gwr..“a..

- " Lesson Number: 25 ¢
‘Iésson Goal: _:The goal

tian, about con¢roll
-oafnatipg paraneter

Lesson Objeétiveea" X

_ describe*the combust
-~ of controlled-air ing
multiplexsnamber_des

-

s -~ .

: relate the temperat
", of auxiliary fuel n

Student Prerequisite Sk

AN

-Levellof.Instruction:

' Intended Student Profe‘sional Backgrounds:

latory gfficials,
pollution control,

identify operating £
controlled-air incin

\'~

Support Materials and Equipment-‘

E—
o\

of thig lesson is to provide tﬂe styfent with informa—
;d;air incineration equipment and the influence of

L

on air pollution emissions. \

A

the end of this lesson the #tudent will be able to:
t -

oo
et

jon principles. and pollution emission'characteristics
rinerators corrtrasted with those of single atd
igns; : o . _

patureg which may cause smoke' emissions from
arators; anq

relof} gases leaving the afterturner tO the amount
eded by the afterburner.t ‘\

Undergraduate }ngineering/or ‘eguivalent'

.
>

.(mx93)”\‘Lt

Ly

11s: Course d?? Lesson Nuhber\23

Engineers, technical staff regu-

and others who work in combustion—related areas of air

.
?

) ’
A

£
B

_ S l. slide projector

:ii e2; Slide Bet for Lesson 25
?::’ Special Instructions- None '
;}_F References:_ |
j%gxc H31.

, Combustioh Evaluation i._Air Pollution Control Chapter ll

»

S

- Rlo:

BN
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|‘ o ‘ ¢ N , ]
. . . .
o R 2. Hgffman,. Ross, "Evaluation of Small Modular Incinerators in\Munici-
,pal Plants, " Final Report of Contract No. 68-0l- ‘!171, Office '
L of Solid Wastée Management USEPA (1976).
3. "Interim Guide of Good \’ractice for Incineration at Federal F‘acilities "
i - 7/* AP-46, National Alr Pollution Control Administration, Ppblic
z i Health Service Raleigh N.C. (November 1969) .
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TITLE OF SLIDE

[}
427-25-1

3
427-25-2

\f127—25-3 .

\
427-25-4

427-25-5

e

427-25-6 S

_ MULTIPLE-CHAMBER &N—LINE INCINERATOR

EESSON 25: CONTROLLED AIR INCINERATOR

AVERAGE EMISSION FACTORS FOR REFUSE COMBUSTION

¥

. ' é
FLUE FED SINGLE CHAMBER INCINERATOR

APARTMENT HOUSE JNCINERA’I‘OR WITH SEPARATE STORAGE BIN

MULTIPLE-CHAMBER RE'IORT INCINERATOR

MULTIPLE-CHAMBER IN-LINE INCINERATOR

.| CONTROLLED AIR INCINERATOR

A}

Q\_cm' OF PATHOLO-

427-25-7
427-25-8 CONTROLLED PROPORTIONATE "AIR D;émxnmxou :
427-25-9 | AIR DELIVERY BLOWER
4217'7'25-10 ' pn'nm}x CHAMBER PRODUCES VOLATILE cvmsx'g:s
427-25-11 SECONDARY CHAMBER |
" 427-25-12 TEMPERATURE CONTROLLER =+
427-25-13 - RELATIVE SIZE OF PRIMARY AND SECONDARY CHAMBERS
427-25-14 - mc'mmr mmknc'rtmm »
427-25-'1;5 - uonum UNIT AT MUNICIPAL FAGILITY e
427-25-16 | cHARGING OF AUT@MATIC FEED HOPPER
'42/7-2.7.-17 | ‘,_' Asﬁ REMOVAL b‘oons S L
;4'27-_25-18_ ' Auxn.nmr FUEL BURNER ,/ . /
427-25-19 MUL'rym auxn.mv BURNE®™ FOR P
Lo || GICAL WASTE INCINERATOR - | |
| _:.427_-425-,26 e cm‘cr WASTE cmum: R
427-25-21 | cuarsng wrm qpm DOOR . J T
- 427-25—25: | nonmr CONTROLLER TEMPERATURE smxm .
3 427-25-2/3'_ S 'DAMAGED mnm'lomr AND UNDERFIRE AIR prpr.

[T

Ny

')‘. e
\

LA |

427-25-35 .
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SLIDE NUMBER TITLE OF SLIDE
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' A % ‘
427-25-25 INCINERATOR WITH STEAM GENERATION
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chamber (

5.5 - w

‘Yolatilization with partial oxidation in primary

v e e e 2 e

sy n sp e e e

- | N
p \,\\15.0 8747?, mge 5 of 7 ¥
{ q E |
, ¢ NOT )
4‘)4( pR\o“'a(}J ’
o . 1 3 EEEN
| \ »
- I. Iptroduction J . o ‘
A. State the lesson objectives -
B. Describe briefly single-chamber incinerator design Slide 427-25-1
features and emissions ,
' 1. Smoke, CO, HC, particulates \ ’ S
2. Single-chamber incinerators, banned 1957 in Los - ' Slide 427—2"'-2
:»“,;,,. N Angelas - o _ J A . -
TR IR T T e g e ’!‘I‘uu*’fetf‘incinarator design- modifications required } o
. because of . L &
' a. Poor ability to control residence time (gas - L
- | velocities vagied with burning rate and ‘
natural draft) . /
<. b. Poor turbulencg'
=1 . » ¢. Low combustion temperatures due to high excess
.+ air
o / d. Flue-fed featurds causing poor control of .
s " burning ° s ]
Q a. ngrloading incinerators by unskilled personnel _?%7 T
C. Describe design improvements and emissions of multiple- . B
. chamber incinerators : *
1. Give examples of the emissions of nmltiple—chamber Slide 427-25-3 _
incinerators .
) 2 Design features ' \ \ A
L a. Gas-*speed and directional changes td aid tur-
v’ . bulence (cdbnsider both in-line .and retort
designs)
b. Secondary air and auxiliary fuel burners to‘ Slide 427-25-4
. improve combustion in the second chamber '
, (however, many units had secondary air tempera— .
' ' ture- from only :650 to 900°F _
" c. Larger .sirzes anci damper oontrols to provide Slide 427-25-5
longer residence time (however alr control was ; ¢ '
. ‘ still too erratic)
D. Smmnarize Los Angeles design standards of 1960 Slide 427-25-6
’ 1. Control on geometry, loading rate, auxiliary fuei\ .
\, 2, Calculation progedure o
. ' a. Required temperature - o
/ . b. Maximum velocities
o E. Provide background information about federal incinerator P Bt
. _porfomance standards (1969) ! ‘\
- 1. Contrast, performance standards with design standards- N
) - 2. State the allowable emissions : ' g ,
v 3. Describe scrubber roquiramants ‘ 1
P. Dilcuu the greater ‘'control of incinerators required - 4 )
with some State Implementation Plans : -~ _ o L
I1. Controlled -air incinerator characteristics Slide 427-25-7
A. Discuss diltinguilhinq features and giva example valuos _ Co
o 1. Forced Araft. . ‘ gﬁgg 2%;:%%: T
,..w’ . 2. Less than stoichiometric air in primary chambar o A I
- 3. "Slide 427-25-‘
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CONTENT OUTLINE ;’o"

Course: 421, Combustion Evalnation

;,L ecture Title:

Poge_6___of _ 7

NOTES

Controlled-Air Incimerators 4&ﬂ~xﬂéﬁf )

{

g~ U
A

. a. Auxiliary burners-assure minimum temperature
b. Low imary air rates, water sprays, con- -
. tinu charging imit maximum temperature.

c. Air distasibuted below the charge on the hearth
rather than through the grate .
‘d. Fuel-bed agitation only during charging,
" rather than continuocus as with modern municipal

.

— g
' _ incinerxrators
~ 4. Oxidation completed in secondary chamber, afterburner
S A.._Secondary air
) b. mperature controlled by auxiliary burner
G- sidence time A N~
B. Give ex es of various designs / *
. 1. Geometry and relative size oyt
2. Starved air or controlled-air vs. multinle chambey
C. Explain why particulate loading is lower. than.for
multiple-chamber .units
l. Lower Velocities in primary thamber (leSseontrain-
‘ment) .
2. Better control of combustion -
va. Mare uniform volatilization rate ¥
b. More uniform velocities
c. Control of residence ti
: d. Higher combustiOn temperatures
III. Other design features )
A. Cite examples of advantages for factory production
, 1. Design standardized for given model number
2. Modular features
¢ . a. Bize pelow that of new source performance
' standards (400.to 3,000 1lb/hr)
_ b. Multiple units for larger load requirements
- c. Reliability of performance “
B. Describe batch operation cycle and give example times
N 1. .Full burning rate operation, 7 to 9 hrs.
A a. Intermittent charging, 8 tgo 10 min. -
2. Burn down requiring afterburners, 3 hrs.
3. Overnight cooling - . '
4. Ash removal . by ;
a. Give examples of typical waste weight and
_ volume reductivn
. 5. Preheating of refra tory .
. . 6. Operation at full burring rate : ' /
“C. Describe auxiliary fuel consumptian '
' - Increases with moisture content ¢f refuse -
-2. Patholbgical waste burning requirements
. B Multiple auxiliary burners in primary zone
"~ b. Continuous afterburner operation
Particulate or smoke control

A. Give examples of emission performance
) 1.  0.03 to 0.08 grains/scf at 12% CO2
2. Varies with operation and design

R ; )
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Slide 427-25-13
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Slide 427-25-18,
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CONTENT OUTLINE 2,
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NOTES

Course: 427, Combustion Evaluation
\Leclure Title. Controlled-Air Incinerators " mo“o* A
. €3
B. State the causes of high emissions '
1. Overloading unit (high air velocity in primary Y,
chamber) , .
2. Reducing auxiliary fuel at afterburner (to cut
" fuel costs) N Y )
. 3. Batch charging through open door which disturbs Slide 427-25-20
~air velocity control
4. Batch charging ‘disturfs fuel bed
5. Charge consisting of compressed or packaged
materials, rather than loose materials '
6. Variable moisture in—chprge e
C. Describe the methods for reducing emissions Slide 427-25-21
1. Modify charging technique .
2. Install ram charging device and double-door inter- Slide 427-25-22
lock features to avoid extra air inflow during . :
charging : .
3. Do not overcharge
4. Modify automatic controller temperature setting
for additional auxiliary fuel )
5. Proper maintenance of burners, refractory walls, Slide 427-25-23.
and underfire air Slide 427-25-24 -
6. May be abus mﬁmla Al idcinerator ' d
» . . with extra mary air blowers provided to increase
S ‘ : energy release: . - . S
a. Will cut afterburner fuel coats,but ,// N
b. Will increase smoke and particulates, and
: <., Wil)l increase maintenance costs. somewhat _
Other important features i _
A. Describe possible system economic advantages by providing Slide 427-25-25
e a waste heat boiler S
. 1. will subetantially imprbve economics if
a. Waste stream is guaranteed
b. Purchaser available for total steam produced
B. Large units may provide continuous feed and continuous
" . ash removal features N _
1. Reduces ‘thermal shock to refractory ‘ Slide 427-25-26
2. Increases daily loading by prdvidipg 24-hour burn .
.. period rather than 8- to 1l0-hour charge period
3. May require scrubber or other flue gas control
to meet rniew source performance standards for muni-
cipal incinerators (.08 grains/scf at 12s CO3)
. ’A" \\
4
v e
; »
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LESSON PLAN \

TOPIC: Combustion of Hazardous
~ Wastes ™~

"y
COURSE: 427, Combustion Ewvaluation

LESSON TIME: §0 min. ’
PREPARED BY: DATE .

© L. U. Lilleleht Oct. 1978

Lesson Number: 26 ; ' : T

Lesson Goals: To provide the student with an understanding. of the special
requirements for the destruction of hazardous waste by combustion. e

L.esson Objectiveg:"'At the end of this lesson, the student will be able to: -

LN
3 Eo -

cite specﬁﬁfvggquirements associated with'the combustion of hazarqfus ' A
‘1iquid and solid wastes; y . -

recite the speéial fequirements for treating the combustion products to ”.

control pollutant emissions from incineration operations; ¢ '

S list ex&mples'of substances and/or elements which cannot be controlled
- : by incineration; . ' s

-

describe the fuel fequireﬁehts negessary to dispose hazardous waste
‘materials; and- ) \ .

' .. 1ist a number of hazardous waste materials (including polychlorinated
biphenyls — PCB's — pesticides, and some other halogenated organics)
which-‘may be disposed of successfully through proper liquid incineration.
devites; give the required temperatures and residence time to achieve * |
adequate destruction ’ | , : :

Y -

Student P;éreqﬁisite.Skilis:'  Course 427, Lessons 5, 17,7 20, 23, 24.
' “Level of Instruction: “'Undergraduate engineering or equivalent .

Intended'Stusﬁnt Professiopal Backgrounds: Engineers, technical staff, regu- _
latory officials, and’/others who work in combustion-related areas of air = . B ,\'
‘pollution control. - . L - :

e _Supﬁbrt Materials and Equipment: o _ 4//,. - o _é )
o :"   113 51iQQ}pr6jectot'ﬂ- ‘ :

2. Slide set for Lesson 26. - . S - |

el o T SN
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Special Insttuctions- ’one o . E §

. ) T :
v References: . )

v ¢

T1. Combuation Evaluation in Air Pollutlon Coqtrol Chapters 10, 11,.13, 15.

2. Scurlock, A. C., et al., "Incineration in Hazardoﬁs Waste Management,
_ SW-141, USEPA (1975). _ . e B
. * - ' \ * RN
3. "Summation of Conditions and Investigations for the Complete Combus- l
tion of Organic Pesticides," ReporS,No. EPA-600/2-75-044 (Octobgr 197%5). %
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{SLIDE NUMBER , ' TITLGOF SLIDE
) ‘LESSON 26: COMBUSTION OF HAZARDOUS. WASTE
- 427-26-1 COMPARISON OF THERMAL DESTRUCTION OF PESTICIDES AND
A _ PCB's
LI . “ . »
427-26-2 'THERMAL DESTRUCTION ZONES FOR VARIOUS PESTICIDES
427-26-3 SUBMERGED-COMBUSTION INCINERATOR
1 427-26-4 KEPONE INCINERATION TEST SYSTEM
| 427-26-5 ROTARY KILN INCINERATOR
* 427-26-6"~ FLUIDIZED-BED INCINERATOR SCHEMATIC
' ) . ' ' )
1. \ ]
-
g . 1 1
aw <




CONTENT OUTLINE ‘&, |™ yorvs

——— N
' EEsEE—
Course: 427, Combustion Evaluation ir,v g
Lecture Tille: Combustion of Hazardous Waste 4 ppott” -
\ . -

I. Introduction
A. State the goals and ob]ectives of this lesson.
B. Show the need for disposal of hazardous wastes.
C. Examine the advantages of disposal by incineration:
1. Combustion technology developed
2. 'Applicability to most organic
3. Heating' value may be recoveraBle
" 4. Ability to handle large volumes
5. " Large land area not required
D. Consider possible disadvantages
1. Costly and complicated equipment
2. Auxiliary energy often needed
3. Combustion products may be polluting
4. Solid residues may be toxic *
II. General Incineration Criteria :
., A. Stress similarities to other incineration methods, but

e that it must be more stringently controlled
’ 1. There are no generally licable fules at present
2. Limited knowledge of desi¥n details Slide 427-26-2 or
B. - Point out that for toxic materials: refer to Student
1. Higher destruction efficiency required . "Manual, p. 15-12.
a. 99.99s% typically for pesticideg
Y - . 2. Much higher temperature and residence times required : Slide 427-26-1 or
] ' "+ a. Destruction starts at Bimilar Qemperatures as ‘refer to Student
A that’ for hydrocarbons : \ Mdnual, -p. 15-12.

b. High degree of combust ion comp etion requires
) stringent operating ditiohs1€
C. Show the need to scrub (o reat) combustion product
gases,
D. Explain that organic products with dangerous heavy metals
. should not be incinerated.
III. Equipment types being used
A. Present examples of equipment
- 1. Rotary kilns _
. 2. Multiple-hearth incinerators ) . : : 3
3. Liquid-injection inéinerators o '
. _ : 4. -Fluidized beds
e : 7 5. Molten-salt devices -
' ' 6. Wet oxidation
7. Multiple-chamber ‘pcinerators .
8. Gas combmstors _ !
: ' 9. Pyrolysis units B
IV. Halogenated ,and Sulfonated Materials : ’ "
‘ . A. Note that_ these materials should not be flared -
** ® B.° piscuss hydrogen. chloride (and other halide) emissions
B 1. 'When H to Cl ratio is greater than 5 to 1
. .. 2. Scruwb with caustic T . \ \
C. Consider the products of chlorinated hydrocarbon ' el
1. With H to Cl ratio less than 5 to 1
A 2. Hard to remove : _
3. . Add natural gasoor steam to produce HC1 instead _ -
. . D. Examine plastic waste-handling practices

' I . . l 26-4
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V.

VI.

VII.

CONTENT OUTI.INE o |
W
R :::u2511§ ! '[las
Course: 427, Combustion Evaluationy, —
. Lecture Tille: Combustion of Hazardous Wastes Yoag md"'c’
e - .
E. Evaluate control of pollutant emissions in the effluent

gas _
l. Scr ing of effluent
2. 8 rged combustion incinerator

‘pesticides and Toxic Wastes

A.

'

B.

C.

Discuss detoxification by incineration

1. -1If toxieity is due to molecular structure rather than .

elemental composition

2. More stringent temperature and residence-time require-

mants

Be on the ¥Wokout for toxic prqduct gases

1. Cyanide from organonitrogen pesticides

2. Others

Consider more complex equipment

1. careful siting considerations because there will
inevitably be emissiong of small quantities of pes-
ticides or toxic products

Polychlorinated Biphenyls (PCB's)

A.
B.

"ﬂ%ﬂ g&

Remind students PCB's are extremely st g persistent
‘Note PCB incineration requires more drastic conditioqs
than most pesticides

Propellants, Explosives, and Pyrotechnics (PEP)

A.
'B.

C.

State that incineration, is the mo le disposal

method - y ‘}%ﬁ;(g

Recommend dilution with inerts before feediﬂg them to

the incinerator = . v

Evaluate equipment used: . ?

1. Rotary kilns and furnaces . 1

2. Fluidized beds '

Emphasize the need to control emissions

1. Very little, is known about the type and quantities
 of emissions :

2. Little has been done to control emissions in the

past

LAt

«

Slide 427-26-3 or
refer to Student
Manual, p. 15-11.

g

Slide. 427-26-2

Sljide 427-26-4 or
refer to Student
Manual, p. 15-13:

}

1
ANy

Slide 427-26-5 or
refer to Student
Manual, p. 15-14.
~Slide 427- -26-6 or:
refer bo Student |
Manual, p. 15- 14

A

C
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LESSON PLAR

| TOPIC: NOy Control Theary

L J

COURSE : 427, ‘Combustion Evaluation

LESSON TIME: 60 min.
PREPARED BY: DATE:

) ~
J. T. Beard . Aug. 1978 .

e

Lesson Number: -27,
Lesson Goal: The'gOal of this lesson is to provide the student with information

about the various mechanisms of formation and control of NOy and;to provide
’ ' examples of the'amounts of NOy control available. .

Lesson Objectives: . At the end of this lesson the student’will be able to:
identify three of the major stationary sou}ces of NOx 9missions;

locate and use emission factors to estimate the amount of NOy emitted
from a potential combustion source; . o

: ~ _ . :
. describe the difference between mechanisms for forming "Thermal NOy"
and “Fuel NOy"; - . :

"describe the various techniques for NOy control: flue-gas recirculation,
two-stage combustion, excess air control, catalytic dissociation, wet- .
scrubbing, water injection, and reduced fuel burning rate; _and .

recall the'amount of NOy control ava}l&hle fYom particular combustion
modification exampleés. L ' ' -
"Stnght_Prerequisite Skiils: Course 427,'Leasoﬂs 5, 6, 17, 18, and 22 .

"IeVpl of Instructioh: Undergraduate engineéring or equivalent' e N
) . ) . - .- ~' . . ) . . | ‘ . . N . - ' . -
Intended Student Professiopal Backgrounds: Engineers, technical staff, regu- S

latory officials, and others who work in combustion-related areas of air
pollution control. | . ,

Suppo;t“Matériqls Aﬁd Equipment:'l
L 31i§e projector

2. Slidelseflfof’hés§6h'27

' Special Instructions: . None '




s TN o .

! .
References: \ . N
1. Combustion Evaluation in Air Pollution Control, Chapter 16. .
2. Strauss, Werner, Air Pollution Control, Part I, wiley-Interscience--,~ ‘
New York (1971).

3. Wark, K., and Werner, C. F., Air Pollution, Its Origin and Control,
Harper and Row, Publishers, New York (1976).

4. "antrol Techniques for Nitrogen Oxide Emissions from Stationary N

. Sources," Second Edition, EPA-450/1-78-001, . S. Environmental Protection
___mw.qugency {Jan. ,1978). .

~

5. "Reference Guidelihe for.Industrial Boiler Manufacturers to Control
Pollution with Combustion MOdification," EPA-600/8-77-003b, Industrial Environ-

mental Research Laboratory, U. $. Environmental Protection Agency (Jan. 1977).
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~ SLIDE NUMBER ‘  TITLE OF SLIDE
5 ** LESSON 27: NO, CONTROL THEORY ' )
- e7-27-1 SUMSARY OF 1974 STATIONARY'SQURCE#NOy EMISSTONS
427-27-2 ANNUAL NATIONwiDE'NOX EMISSION PROJECTIONS TO 2000
:. 427-27-3 EXAMPLE OF ?RANSIENT SMOG CONDITIONS IN LOS ANGELES, cAx ‘
f——'; ------------------- 427=274 — --~*Exmr,n'or-mmrm'rmrmgcmﬁn’m\m'“"“' IR e
v 427-27-5 GENERALIZED PHOTOCHEMICAL REACTIONS . o
427-27-6 GENERALIZED PHOTOCHEMICAL REACTIONS (CONTINUED)
: g421:37-7 THERMAL NO, FORMATION: CLASSICAL CHEMICAL MODEL'“—“° 
o s THERMAL NO, FORMABION: STMPLIFIED MODEL &
O‘?f/i L aN-27-9 THEORETICAL' CURVES FOR NO CONCENTRATION VS. TEMPERATURE
75 a2r-21-10  EFFECT OF LOW EXCESS AIR, ,0IL FUEL ’
3 427-27-11 (\ -TﬁOfSTAGE COMBUSTION CT ;
e A21-27-12 _.IGQﬁQTAGE_COMBUSTION; OIL FUEL ' | -
| - 'g. 427-27-13 . EFFECT OF BURNER STOiCHIdMET&Y\Oﬁ NO,, GOAL COMBUSTION
| g 427-27-14 NO, REDUCTION BY ELUE_@AS gEQIRcuLAI;ON
- 427;27-15 EFFECT OF FCR ON NO EMissions | |
C o 427-27-16 ' l..EFFECTS‘bf‘iOk CONTROL METHODS :
| 427-27-17 - g@nczgoi-dncoufno;Lnn UTILITY BOILER NO, EMISSIONS
f' o '.4%?'%7'1§.3) . iﬁggcr 6F.FIR1NG Mgiaon,éo;L FUEL - . "‘h-
L.+ 42721919 ' NO, EMISSIONS WITH VATER INJECTION FOR NATURAL GAS-FIRED
St p cpsoRsme @
t L 427-27+20 . ;rw;cr}or.TEMPEgATURE ON NO REDUCTTON WITH AH@OHIQ.INJECTIOQ . - -§
o AR | | ;




Course : 427, Cosbustion Bveluation -.
Lecture T/t WOy Control Theory

G0 NTENT OUTLIN (’“"‘

I.

I1.

Introduction tb NO ' \
A. State the lesson objectives
B. Present the sources of ROy '
1. Natural (Vvolcanoces, forest firn) ,
2. Vehiocular .
). BStationary
a. Utility boilorl for electric povor qcnoution
s {4 A8)-- . g

b. Intoml codmltion onqinu, dioul md lpark

ignition engines, gas turbines, for pstroleum,
electxic power, agricultural, and general
industrial applications {22%)
¢. Industrial boilexrs for hutinq and electrical
generation (18%8)
d. Cosmercial and residential space heating (9%)
C. Describa NOy smission factors
1. Average values dependent upon

a. Fusl
b. Bquipmen sign r
D. Discuss concerns ut NOy emissions .
1. Potential growth ', s

2. Regulations
a. New Source Performance Standards
b, 8tate and local -tmdudl
+ 3, Relationship in smog formation a :
Introduction to the Formation gf No R S
A. Explain thé¢ formation -off- ntt.:oqot\ o:udn g
1. Primarlly formed as o
 -as Defihe “Thermal: W” o
-8 b, Define "Fusl ) o
2. Oxidation of W0 to mg in air
3. Other omides of nitrogen (Nj0, nityous oxideq,
. u,o )nit:oqon tx;oumﬂ mi Na0g, nitrogan ‘pent~
B. Mhm "lhnml NOy" tomticm
1. Classical chemical model for WO formation
\/.. llio_h' temperatyre dissoociation of 0,
03 xL=20 .

¢

b, !itméqon gnoeionq e p

6 + W, *"ub + N
| a +0; MEWO + O
0. mpanoa model

' "'zaﬁ 04 ano

Blide 427-?7-1

S R S

P

See Student Manual,

Chapter 16,

-

Attachment 16~6

Slide 427-27-2

81ide 427-27-3
8lide 427-27-4
flide 427-27-5

flide 427~27-6

“

:,\x

§lide 427-27-7

-

flide 427-27-8
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CONTENT OUTLINE oy | otes b

Course: 427, Combustion \ aluation
o Lecture Tille.: NOy Control TWeory
v‘ . R . . Y
2. Modal for rate of production of NO
* - a(NO) 2
—at—— - KF (N2) (02) - KR (NO) ~ j'
/ | £ I3 . . .
a. Define symbols > ’

b. Present temperature influences
e - o b~ . g,  Desoribe transient features of combustion - - S R T
d. Describe and give example of equilibrium NO : Slide 427-27-9
concentrations 9 -
e. Explain how real combustion varies from equi-
. librium o .
f7 Explain the concepts of dissociation and cool v
down "freezing" of NO T '
— - C. Explain "Fuel NOyx" formation
l. Describe and give examples of chemically combined
nitrogen in fuel
a. Coal (e.g.; 0.5 to Z.0W)
b. Fuel oil (e.g., 0.1 to 0.5% for No. 6 and around
0.01s for No. 2) :
c. Natural q;s contains nitrogen in uncombined form
2. Present factoYs influencing "Fuel NOy" - i
a. 10 to 608 fuel nitrogen becomes NO . ' .
b. Depends on oxygen available R
- ¢. Fuel-rich %ombuation, nitrogen becomes N,
: d. Lean combustion, fuel nitrogen becomes B Y 3 ‘ C s
S o '~ a. More NO with high-fuel volatility . SRS . : _ .
Y 1 - o : f. _-More NO wiﬁh intensive fu‘l/air mixing X Co
III. NOy Control Theory f
A.  Present examples of control by fuel change
1. Change from high nitrogon No. 6 fuel oil to No. 2
2. Specify low-nitrogen-content No. 6 fuel oil

R il
~

37 mgpant

1

- . a. Nitrogen content influenced by refining processes, . ' -
~ blending, -and crude stock. S ¥
;—S 3., Change from coal to oil or from oil to gas
" a. Limited by furnaco adaptability, fuel availability,
. . _ ©  and costs. '
o _— : ‘b. More coal rather than less as boiler fuel
' I . ' expected in the future Ty
' }3 Introduce excess air reductiOn for NOy control ' \

1. Effective for "Thermal
a. Less oxygen available limits oxidation of mola-

: ) . cular nitrogen _ ' e
- .., 2. " Effective f0r "Fuel , o : '
" a. Less oxygen available causes tendency for fuel '
S . nitrogen to form Ng . . . .
..$ e 3. ON-fired unit example ~ : Slide :X]—27 10
2 - a. Now larger units operate with 2 to 5% exces.
S ' AR air} (.4 to 1% excess 0,)

be Prévious values were 10 to 20% excess air (2 to
4% excess O ).,, '

§§".T- | o c. Reducpd .XO.II air limitl convorqion of 802 to | - AT B
T S - ‘_803 (and the related dew poim:/corrosi'n problems) { : ¥ I Co .
: S 3 ang ! arateq @ L/ corxos pro , .
, - L SR A '~ .

. L . . ) A . ‘
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d. Low excess air operation, more difficult ®han in
_coal combustion

" CONTENT OUTLINE “a, |5
. e I--l--II-I-III-F--.-I-II-- :::uzzzlg " .T
COUI‘SO." 427, Conpustion Evaluation i T—
Lecture Title. noJ Contrbl Theory "'l PRO“O

Give example of two-stage combustion for NOx “control
1. Initial combustion, fuel-rich
2. Energy extraction by heat exchange surfaces
3. Secondary air provides for full oxidation with over-
all excess air -~
4. May be accomplished by .. .. . . . o 4\
a. Overfire air ports
"b. .Burner-out;QT-service

+c. Burner redeyign to reduce swirl (tdrbulence/hot
spots)
Give examples of reduced combustion temperature for
NOX control
1. Limits the value of Kg, fowward reaction coefficient
(which essentially doubles for every 70°F increase
after 3,000°F)
2. Flue-gas recirculation
'a. Rate of reaction reduced by introducing inert
flue gases (CO,, Nz:;H ,0) into combustion ne
b. Reduced fuel rate implies reduced load {Q\\\\\
c. Inert gases act as heat sink, lower temperature
d. Thermal efficiency rediced unless adéquate heat(
exchange available
Give examples of dnfluenca oﬁ ‘egquipment design on NOy
emissions L)
1. Design influences ot SN
a. Fuel/air mixing )
b. Proximity of flames to Aeat exchange surface
c. Operation of burner influenced by adjacent

burners Y
2. Give eXamples p
a. Cyclone furnaces, largeét uncontrolled NOy
‘emissions

. Front wall (horizontal) and opposed wall furnaces,
_somewhat less than from- cyclone
c. Tangential-fired furnaces considerably less
emissions
Give example of influence of soo? blowing frequency on
NOy emissions
X Clegner heat exchange surfaces
a. Higher heat tran fer rate (less 1n8ulation by
deposits) n? o
b. . Lower combustion/temperatures (due to more rapid
energy extraction) .
scribe water injection into gas turbine for NOx conﬁrol
Acts as heat sink . : .
. Reduces “"Thermal NOy"
3. Effective with water-to-fuel-mass ratios up ‘to 1.2+
Describe flue gas treatment for Nox pontrol

-~ -t

4 . - e

276

Sltdo 427=27=t1
Slide 427-27-12

Slide 427-27-13

Slide 427-27-14
Slide 427-27-15

Slide 427-27-16

1

Slide 427-27-17 \
slide 427-27-18

’

Slide 427-27-19 .




CONTENT OUTLINE "
427, Combustion Evaluation {w
Lecture Title: NOy Control Theory ¢ p..ow

Poge 1 __of 1

NOTES

b
o

1. Dry flue-gas method widely used in Japan
_..a, Effective for oil and gas combystion
b. Ammonia injection creates reducing atmosphere
c. Flue-gas temperatures 100 to 700°F N
d. Catalyst required
e. Research is underway to apply this technique to
: particulate and SO; laden gas streams :
2. Dry mathod for higher temperature gases o
. Ammonia injacted as combustion gases reach con-

b. Gas temperatures around 1,300°F
c. Up to 60% NOy reduction demonstrated
3. Wet flue-gaa treatmcnt used in Japan

a. - Strong oxidant required (ozone or chlorine dioxide)

b. Converts NO to NO, or N20

c. Scrubbers absorb NO, or NyO

d. Scrubbers operate at 100 to 120°F

e. Expensive technique (ozone, chlorine dioxide
production, di'PoTI W ,

f. . May be useful fbn ticulate

'vection zone of utility boiler

control

I. Give examples of fluidizad bed combustion units which )

produce low NOy

[ S1ide #27-27-20

1. Solid waste 'and sewage sludge incineration ,§
: 2. Hog fuel combultion
. 3. Coal-fired utility boiler, 30 MW qlectricity 4
(Monopgahela Power Co., Rivesville, West Virginia)
4. Coal-¥ired industrial boiler, 100,000 1b steam/hr
(Georgetown University, Alexandria, Virginia)
-,
4
., ( . | ' >
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LESSON PLAN ¢

TOPIC: Improved Performance by
Combustion Modifications

COURSE: %7 Combustion Evaluation
LESSON TIME: 60 min. .
PREP"ED.BY DATE:

J. T. Beard Aug. 1978

Lesson Number: 28

Lesson Goal: The goal of this lesson is to provide the student with an introduc-

tion of the state of the art combustion modification techniques which are
useful in reducing air pollutant emissions. ¢

Lesson Ohjectives: At the end o{ th lesson the student will be able to:

" state the benefits of proper maint nance and adjustment of residential N\

oil combustion units; SN ! .
} L : ,
list three important features_to check during the maintenance of
commer\igl oil-fired ﬁﬁrners; i | | '
U!'. (\ -“;:\‘
discuss the difference between:"minimum Oy" . and "lowest practical 02“ _

and.why these are important iniindustrial bdilers;

list two reasons why a burner may have a higher “minimum 02" level than
the typical value and describe what remedies may be available;

. indicate the effect on thermal efficiency of the combustion modifica-

tion techniques: lowering“excess air, staged air combustion, reduced

. combustion air preheat, and flue gas . recirculation; and

{
discuss why Nox control from coal-fired utility boilers is more difficult

than from similar oil or gas units.

Student Prerequisite Skills: 427 Course, Lessons No. 17, 18, 22 and 27

_Level of Instruction:ey Undergraduate engineéring or equivalent

.Intended student Professional Backgrounds: Engineers, technical staff, regu-

"l Slide Projector

latory officials, and others who work in combustion-related areas of air
pollution control SN . .

[ 3
s »
o

Support Materials and Equipment- . - S S,

L2 jSlide set;fOr Lesson N

4 .

[N

LN

P




 j\§‘?*¥i_¥?ir.{ : | 3%    .ﬂ-.-iv?8;%§f

Special Instructions: None
References:

1. Combustion Evaluatijon in Air Pollution Control, Chapter 17.

2. "Guidelines for Regidential 0Oil-Burner Adjustments," Report No. EPA-600/ -
2-75-069-a, Industrial Environmental Research Laboratory, USEPA (Qct. 1975).

3; "Guidelines for Burner Adjustments for Commercial 0Oil-Fired Boilers,"
Report No. EPA-600/2-76-008, Industrial Environmental Research Laboratory,

"USEPA, (March 1976).. . : : -

4.7 "Guidelines for Industrial Boiler Performance Improvement,™ Report Nol —
EPA-A00/8/77~ 003a, Industrial Environmental Research Laboratory, USEPA (Jan. \
1977).

5. "Reference Guideline for Industrial Boiler Manufacturers to Control’
Pollution with Combustion Modification," Report No. EPA-600/8- -77-003b, Indus-
trial Environmental Research Laboratory, USEPA (Nov. 1977). ' -

6. "Control TEChniques for Nitrogen Oxides Emissions from Stationary

. Sources," Second Edition, Report No..EPA-450/1-78-001, Office of Air Quality
'Planning and Standards,/ USEPA (Jan. 1978). . -
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LESSON 28: IMPROVED PERFORMANCE BY COMBUSTION MODIFICATION

_SMO_KE—CO2 PLOT FOR RESIDENTIAL OIL BURNERS

e e -USUAL -RANGE “OF -VISCOSITY-POR -OIL FIRING oo oo oo o

MTYPICAL RANGE OF MINIMUH EXCESS 0, AT HIGH FIRING RATES

“ -
427-28-17

427-28-19
INFLUENEENBF AIR PREHEAT ON No,

i 427-28-21 - EFFECT OF COMBUSTION AIR PREHEAT ON' BOILER EFFICIENCY

"LOWEST PRACTICAL 002", RESIDENTIAL BURNERS

EFFECT OF STACK TEMPERATURE AND 002 ON THER%S% EFFICIENCY

SMDKE—002 CURVE FOR COMMERCIAL RESIDUAL OIL FIRED BURNER

MAXTMUM DESIRABLE BACHARACH SMOKE NUMBER

PERCENT 002 IN FLUE GAS AS FUNCTION OF EXCESS AIR

BOILER EFFICIENCY LOSS CHANGE WITH EXCESS 0,

SMOKE~0, CURVE FOR COAL OR OIL-FIRED INDUSTRIAL BOILER . .

' 'C0-0.,, CURVE FOR GAs—FIREp InbUSTRIAL BOILER

2

EFFECT OF EXCESS O, ON NO, EMISSIONS

2 X - \

2
EFFECT OF REDUCING THE EXCESS AIR ON BOILER EFFICIENCY

. STAGED AIR EXPERIMENTAL WATER TUBE BOILER, TOP VIEWU

STAGED AIR EXPERIMENTAL WATER TUBE BOILER, SIDE VIEW

REDUCTION OF TOTAL NO, BY STAGED AIR WITH NATURAL GAS FUEL

REDUCTION OF TOTAL NO, 'BY STAGED AIR WITH NO. 6 FUEL OIL

EFFECT*OF'NOX PORTS ON BOILER EFFICIENCY

- EFFECT. OF COMBUSTION AIR TEMPERATURE ON ‘NO WITH OIL AND .GAS

X
X

. . . . o <L P T R RPN
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SLIDE NUMBER o TITLE OF SLIDE
427-28-22 ~ REDOCTION IN NOy BY FLUE GAS RECTRCULATION : - i
427-28-23 NO, FROM GAS, TANGENTIALLY-FIRED UTILITY BOTLERS
o 427-28-24 ~ EFFECTS OF NO, CONTROL METHODS ON A GAS, WALL-FIRED UThLITY \
| BOILER o g
427-28-25 EFFECT OF NOy CONTROL METHODS ON AN OIL, WALL~FIRED UTILITY
BOILER
T "7427-28-26° " 7 "NO, 'FROM RESIDUAL OTL, TANGENTIALLY-FIRED UTILITY BOILERS- - -——
427-28-27 EFFECT OF BURNER STOICHIOMETRY ON NO, IN TANGENTIAL, COAL-
| ~ FIRED BOILERS
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!
% . X— { ‘.
] ‘ ‘l
. v
' /

o, ‘. - '.. . ,!,.
Ns‘7 i




CONTENT OUTLINE &, |™ e
IIlIlIlIIllIIIIIIIIIIIIIIIIIIIIIII-III ‘SEEEEZ[1Q '.(l]rE!;
g re . 427, Coxi!bustiog l!‘;‘wa%uation g
rove e r
Lecture Title: “Eompustion Sedification . m“

X. Introduction
* A. State the lesson objectives
B. Review the changing emphasis of preventive

4

‘r. maintenance for combustion equipment
‘ 1. Prior to mid-1960's
2. Influence of air pollution- regulation changes in . ' >
early 1970's

'3, Changes due to the "energy crisis of 1973“"° R A Ay

II. Residential oil-burner ‘
A. Introduce the need for maintenance and adjustments

1. Improve overall thermal efficiency and .

¢ 2. Minimize smoke, particulate, CO, and hydrocarpon

emissions e N N
B. Discuss angual maintenance. by a skilled technician 4 - _—
’ - 1. Recommend annual replacenént of nozzle - ]

a. Slight wear of soft brass nozzle causes change
of spray pattern
R _ b. Deposits of foreign materials cause drop size
~ and spray pattern.changes
c. Oversizing causes short cycling, lower thermal
efficiency, higher pollutant emissions
2. Clean dirt and 1int from burner blast tube, from
housing, and blower wheel :
3. Seal any ¢ombustion chamber air leaks
4. RAdjust electyodes for proper ignition.
5. Check pump pressure and reset to manufacturer's
. specification if necessary
C. Describe features of EPA recounwnded air adjustments
‘1. Use proper instruments ,
' a. Bacharach smoke tester
b. .Orsat or Fyrite apparatus for c02 measurements Iy .
~ c. Draft guage to set barometric draft regulator '
2. Establish an examine a smoke-002 plot for a %

3

‘given unit - . . | si1ide 427-28-1
! ‘Readingd at various air gate settings :
b.. Locate the "knee™ of the curve » v

£, . Adjust air setting for a CO, level 1/2 to 1%
S lower than the CO, level of the "knee? ' .
‘ : 3. Compare results with the standards - | ] Slide 427-28-2 _
: a. The smoke level not greater than-No. - . R
b, CO2 level not less than the table value - C )
c. Deviation can be caused by air 1eakage or poor,

_ - P qir/fue;F'&xing : , - : : B
N ’ B .- 4. Measure stac temperature - ' . -~ | 81lide 427-28-3 - Sy
. B e T a. Compute the net stack temperature - v ' : _ -
T R -t (1) Thermometer reading minus room air tempera— _ IR
~ ture. _ . . - )

...‘_._' . : i I _ s - PR
o o ' T b. COmparo with recommendations :
(1) Should not exceed 400 to 600°F for matched-

PR package units or 600 to 700°F for conversion

e e o
v

?-  S 1. N L U burners : : . ,
RSN [ VRN 2 (2) Bxcéssive firing generates too much energy I . . B o

for heat exchanqer, poor efficiency g N &

28-5 \
23
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CONTENT OUTLINE &
T \
Course: 427, Combuation Evaluat im
Lecture Title: mgti’gg odi?i?:aiﬁon b“ ""0“6\3

-

I1I.
P)

Iv.

Commercial oil-fired boiler
Recommend maintenance by skilled technicianx

‘A.

AV

1.

2.

3.

4.

Clean heat transfer surfaces, flue passages, and
‘burneri Seal any air leaks.

Confim thbf( the nozzle in recomnended by manufac-
turer.

Confirm that the ‘oil fired is suitable.

Q)

. Check manufacturer's recommended oil temparature :

or viscoaity range

Discuss EPA air adjustment technique

1.
2.
3.

4.

7.

Similarity to recommendations for residential units
Establish smoke-C02 plot at maximum firing rate
Adjust air setting for C02 about 4% lower than ¥
knee value

C re rasults with standards

a ke level below "maximum desirable".
b. €O, level at 12% or higher '
c

Differences caused by poor atomization or fuel-air

mixing

Special-adjustments for modulating burners

a. Apply above at low-firing and intermediate firing

b. Optimum air setting at low-firing has lower CO2
‘than at high-firing'’

For gas firing ~.

a. COy level will be lower

b. Check CO reading

c. Set to be below 400 ppm 3

Check . stack temperature

Industrial boiler adjustments
Describe how proper maintenance and adjustment for lowest

A.

“Q.

pra

1.

2.

ctical excess oxygen can achieve

R‘Gueed NOy emissions and N bt
Improved overall thermal efficiency

a. As excess oxydgen reduced in coal and oil-fired
- industrial units, "smoke limit" or "minimum O,
. level" is reached
b. As excess oxygen reduced on a natural gas-fired
© unit, a "CO limit" or "minimm O2 level" iﬁ
reached (400 ppm CO)

Describethatlnuost practical excess oxygen is ‘greater
than the minimum excess oxyqen "to accommodate:

1.

2.
3.

. ~

4.

Rapid burner modulation
"play® in automatic controls

"Variation in ambient conditions (mainly atmospheric
pressure, AT boiler room provides constant tempera- .
- ture and shielding from ambient wind), and

-Variation in fuel properties

'Reaview NOy control through reducing excess aiy

1.

2,

NOy from coal combultion is very sensitiva to excess .

oxygen ~
NOx from fuel oil combultion is sensitiVe to exceln

oxyqon, and o .;;k T .

- 28-6"

Slide 427-28-5

slide 427-28-6

slide 427-28-7

¢

Slide 427-28-8
Slide 427-28-9

1 s1ide 427-28-10

e

| s1ide 427-28-4

% slide 427-28-11
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CONTENT OUTLINE

427, Combustion Bvaluation

| Course:
Improved Performance by

Lecture Title: e PROV

AN measurement and
d. Boiler load characteristics requiring
siderable burner modulation
¥ 2. Compare "minimum 02" level yith

Poge_1 __of __9 __

NOTES

Combustion Modification

3. NOy from natural gas combustion is lower than from oil
or coal and is less sensitive to excess oxygen

4. Fuel NOy is very sensitive to excess air (example:

. coal and fuel o0il units)

5. Thermal NOy is not always reduced with less excess
air (example: NOy from natural gas units may increase
with decreased excess air)

Describa featiures of the EPA step-by-step boiler adjust-

ment procedure ,

1. Dpifferences between this procedure amll those
for residential and commercial units
a. Sophistication of combustion control and safety

h on industrial units
b. Instrumehtation (continuous monitors for excess

02 or CO2, CO, NOyx, opacity, and stack ‘tempera-
ture),
c. Importance of' sampling site for representative

typical values

a. Too high a minimum value results from burner
malfunctions or other fuel or equipment-related
problems and

. b. Nany bﬁrners exhibit higher "minimum 07" at lower
firing rates ¢ .
3. "Thermal efficiency is increased
a. Care should be exercised #o avoid co, hydrocarbon,

S5lide 427-28-12

[}

Slide 427-28-13

. and smoke - '
V. Industrial boiler design changes -
A. Manufacturer may adopt design modifications for NOy con-
trol which will provide o P
1. Lowering of excess air and improved boiler efficiency
2. Staged combustion witK lower boiler efficiency
3. Reduced combustion air preheat temperature with %
reduced boiler efficiency
4. Flue gas recirculation with a small degradation in
' efficiency )
B. Give an example of the influence of staged coqustion
(from 40,000 1b/hr water-tube boiler), p
1. Special secondary overfire air ports (NOy ports) Slide 427-28-14, 15
2. g rated with less than stoichiometric N Slide 427-28-16
L : Slide 427-28-17 -
3. and air velocity of ports important :
NOy control
4. ' WFiciency reduced usually Slide 427-28-18 ,
C. Give example f reduced combustion air preheat temperature S1ide 427-28-19
three boilers using natural ‘gas or No. 6 fuel oil) which is ' '
1. Effective NOy control for gas and oil
2. - Not effective for NOy qontrol in coal-firing (unless 8lide 427-28-20
high excell air i- required) . :
: . «
. . N .
» < R N 28-7

~—
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CONTENT OUTLINE %
'] Course: 427, Combustion Evaluat-ion ‘M‘f
Lecture Title: Improved Performance by 200 moﬂ“‘

Combustion Modification

Page 8 __of 9

NOTES

Typiéhlly lower thermal efficiency since flue gas
temperatures increase when air preheaters not used
D. Give an example of flue gas recirculation (FGR)
1. An effective technique for NOy control, particularly
for natural gas fuel
2. Effect depends on the percent of flue gas recir-
culated
3. Delivered with the primary air, the secondary air,
or the total air, appear
combustion equipment
4. «+May not be the
' control
Utility boilers
A. Emphasize that NOy control effectiveness varies with
1. Furnace characteristics (size, shape, and operational
flexibility)
2. Fuel/air handling systems and automatic controls
3. Operational problems resulting from combustion modi-

3.

cost-effect method of NOy

VI.

fication
a. Emission of other pollutants (CO, smoke, carbon
in flyash)

b. Onset of slagging and fouling
c. Incipience of flame stability
B. Describe combustion modification examples for gas-fired
utility boilers
1. Produce only thermal NOy, the easiest to control by
combustion modification
2. Low excess alr, routinely used in gas-fired utility
boilers for’ control whose
a. Reduction depends on furnace design and firing
method
b. Flame stability is not a serious problem
@ c. Slight increase in thermal efficiency is generally
2 noted \
3. Flue gas recirculation (up to 20\) produces sub-
stantial NOy control (20 to 60%)
4. Overfire air, biased firing, bumers-out-of-urvice are
- effective techniques for achieving NOy control by
off-stoichiometric combustion .
5. Larger units produce more NOy bacauao of higher com -
: bustion temperature
C. Describa combustion modification oxamplol for oil-fired
utility boilers uling

1. Fuel NOy, important part of the total NOy
2. Low excess air, routine in oil-fired burners

~ for NO, control )
3. Overfire air ports, unaccepted technique for providiqu
- two-stage ocombustion in wall-fired units . :
.-4." Burners-out-of-service in the upper psrt of the

firing pattern, used for NOy control in wall and
tangentially fired oil units . o

' 28-8

Slide 427-28-21

Slide 427-28-22

Slide 427-28-23

Slide 427-28-24

L]

81ide 427-28-25%
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CONTENT OUTLINE

427,'bombustion Evaluation
Improved Performance b{
Combustion Modification

".8"

Two-stage combustion with flue-gas recfrcflilation

a. Gives NOy reductions of 40 to 608,/ but -

b. May require de-rating to be succegsful

Larger "units do not appear to produce more NOy

(fuel NOx rather than thermail NOy in oil-fired
units)

Flame stability problems occur with flue—gas recir—
culation thigher bufner velocities) '
Boiler cleanliness problems (deposits in the radiant
gection) can incre "NOy by 50 ppm

D. Describe combustion mod fication examples for coal-fired
utility boilers whose N o

Y.

Fuel-bound nitrogen accounts for up to 80% of the
NOyx from burning coal o
Wall-fired burners obtain reduced NOy through modi-
fications such as

Low excess air

Staged firing

Load reduction

Flue-gas recirculation, which is much less ef¥fec-
tive with co ﬁqggring than with oil or gas .
Tangentially-fiﬂs ilers emit less Nox than wall-
fired boilers¢yith

trol

p a.

¢ b.
\C.

. d.

3.

A a.

4.

PR T

"

Of f-stoichfometric fi{ing, effecti%e for Nox con-

b. Fuyel-rich burner conditions which can produce ex-
ive smoke and CO and flame ihstability
Flue-gas treatment may be a potential NOy control
technique, for coal tombustion in the future

NOTE: These techniques were discussed in Lesson 27.

' 28~9

Slide 427-28-26

Slide 427-28-27
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'LESSON PLAN

(]
TOPIK;: Waste Gas Flares
e
. u ’
COURSE: 427, Combustion Evaluation
LESSON TIME: g0 min.
PREPARED BY: DATE :
F. A. Iachetta Aug. 1978
Lesson Number: 29 , | * ’ \Le 3
Lesson Goal: a The goel of this lesson is to previde the student with engineer--
ing information on the application of flares to control hydr0carbon and
toxic gaseous emissions.
Lesson Objectives: At the end of this ;Jlegson the student will be able to:
calculate the carbon-to-hydrogen ratio of a waste gas stream and deéter-
mine when and how much steam will be required for smokelees flare operation;
understand the difference between elevated and ground-level flares and
the design considerations which underlie Epe choice of one or the other;
and . S W _ -
describe provisions for leveling waste gas flow rates from intermittent S ,i:
sources. ' :
¢ Student Prerequisite Skills: Course 427, Lessons 3, 5, and 7.
. ST _ _ . _
Level of Instrug:ign: " Undergraduate engineering or equivalent
Intended seﬁd nt Professional Backgrounds: Engineers, technical staff, regqu- ~
' latory officials, and othere who work in combustion-related areas of air N
pollution control -
-f,(/ Support:Materiale and Eqnipment:.
. L. Slide projector
2. :'Slide set for Lesson 29. : N .
Special instructionex | Optieni1_Tb§ie 1 - .i.[ﬁ

4
Yoy, w’

Referencesx

'ﬁ  . 1. Combuation Evaluation 1n ﬁir'Po;iution Controfj'Chapter.14.
g b T :

A

S w291




. . . . . _ ( 4 b
_'/.
SLIDE NUMBER ‘ TITLE OF suné ' ’
' LESSON 29: WASTE GAS FLARES
427-29<1 / GAS PROPERTIES RE-FLARIRG
427-29-2° " cas properries re-rLdlbG . N
427-29-3 ~ SMOKE TENDENCIES, Acrnémm |
427-29-4 SMOKE TENDENCIES, PROPANE - \
427-29~5 ' SMOKE TENDENCIES, ETHANE _'_ - \
427-29-6 . SMOKE TENDENCIES, H/C > 0.28 ‘ !
427-29-7 ‘WATER—GAS REACTIONS _ )
. 427-29-8 ~ ° STEAM REQUIREMENTS FOR SMOKELESS FLARE |
| " a2r-20-9 {JOHN ZINK SMOKELESS FLARE TIP o )
427-29-10 - - | CROSS SACTION OF A SMOKELESS YLARE BURNER
C427-29-11. ! FLARE TIP WITH INTERNAL STEAM INJECTION . |
427-29-12 {,:' SINCLAIR FLARE BURNER
427-29-13 ' ‘Esso TYPE BURNER S I _ “‘
. 427-29-14 MULTISTREAM-~JET BURNER - |
427-29-15 MULTIJET-GROUND FLARK
427-29-16 © VENTURI-TYPE FLARE - o,
427-29-17 © WATER SPRAY TYPE GROUND FLARE )
427-29-18 uu_unmi OF PILOTS REQUIRED . N .
- .
. .
. . . ‘ ; |
: \ (( L
{ 2 3 9.2‘E S SR
b { - - g
\ ‘
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CONTENT 0 o
Course: 427, 'Combustiou\ Bveluition M
Lecture Title: waste Gas Flares

e

Poge 3

of _4

NOTES

Introduction '

A,
B.

A.

. ‘ . 7 ’ )
State lesson objectives_ - '

Discuss the general background of flare combustion as

an air quality contrQl method~
1. Flares are used to dispose oé waste gases
2. Gases which may be flared: ¥
. a. Need concentrations greater than the L.F.L..
b.. Particulates can be dangerous; discuss why and
how

. Various Flare Designs

Describe the types 8* flares
1. Pit type, usually not desirable
2. Ground-level flares ., t
" a. These are usually limited to lower molecular
weight gases
b. .There is a need for thermal radiation shielding;
' describe it
Operational features,.such as relatively easler
maintenance and less visibility can'b® had with
some flare designs
3. Elevated flares are used with heavier molecular
waight gases
a. The elevated flare also is used when -combustion
products are relatively undesirable
Flare elevation reduces or eliminates the need
for thermal radiation shielding— an economic .
- advantage : ’
4. The use of water-surge tanks to dampen flow fluc-
tuations
Describe flare combustion characteristics
1. The importance of the H/C ratio for smokeless opera-
tion should be emphasized
a. H/C > 0.28 requires no steam

C.

b.

b. H/C < 0. 28 requires steam for smokeless opera-

tion
Water gas or shift reactions

C + Hy0 ~+ co + Hy

C\+ 2H0 + CO,. + H,
3. There are limitations on the use of liquid water

sprays instead of steam .

. 4.' The conditions governing he use of steam should: be
- evaluated
.A: The importqpce of H/C ratio should be restated
.~ b. - The degree to which hydrocarbons may .be
LT saturated or unsaturated should be mentioned

"/

. refer to Student

Slide 427-29-%
‘Slide

Slide 42]-29-8 or
.-Manual, Attach-

26

Slide 427-29-1, 2

Manuaill,0 p. 1l4-31.

4(

-

. L3

Slide 427-29-3
Slide 427-29-4

427-29-6

ks

Slide 427-29-7

refer Student

ment 14 -14, p. 14—

0
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COUI'SO 427, Combustion E:valuation -
Lecture T/tfe:  Waste Gas Flares . Y, mo“v

A
c. ~Examples are:
ethene, C,Hg, all single bonds for carbon, .

saturated with hydrogen (:
1 |
~C-—C —H - CoHg '
10T A
"H H -
- ’ ' >

and ethylene, Czﬂd, unsaturated as 1ndicated by

" a double éjg? 1

H

H
| ;
cC = C x\ N CoHy
TN =
H H g

.

d. Conditions for minimum steam must be noted.
The details of various flares, moting that steam -
can be introduced in many fere3

vays - .

a. " Slides 427-29-6 rpugh 427 -29-10 111ustrate

~ variyus arr ements v

N

b. Light gases (H/C > .28 or CO rich) can be

flared in either a venturi or a muItijet flare
rangomont -

c. Water sprays can be used with heavy gakes in
ground flares

d. A range of flare dIamaters should-be given

e. The number Hf pilot:s Qaquired ‘is a function of
flare di ter

f. The allgwable radiation of 1,000 Btu/ftzhr can

» be used ab a desigrt criterion '

(1)

taken into account
ems arise both from combustion and the

‘Upually solar input of 300 Btu/ft?hr has to

S

Siide 42¥-29-9

’ -

Slide 427-29-10 ~ -
Slide 427-29-11

S1ide 427-29-12 |e

Slide 427-29-17 or
refer to Student-
Manual, p. 14-24.
Slide 427-29-18

.’a
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. LESSON PLAN -

TOPIC: Municipal Sewage Sludge
Incineration

COURSE : Lﬂ27 Combustion Evaluation

JLESSON TiME: ~50 min.
PRERARED BY: ‘ DATE' . | < |
J. T. Beard " Aug. 1978 _ i

A

-

N Lesson Number: 30 : R
v \\.o' . . ) . . !
- Lesson ‘Goal: The goal of this lesson. id to provide the-stude information
about the design, operation, and air pollution emissions £ Om sew8ge sludge
incinerators. . p : . ‘.,

*

Lesson Objectives At the end of this lesson the student will be able to: g

list and discuss the aiq pollutants emitted in the}incineratfon of
~sewage sludge; N

3 . describe the special design featires required for burning wet
D . sewage sludge fuel; - o . e
.. ’ . R ¢ .
describe the combustion—rel&ted activity “occurring in eaék«ef’the four o
zones of the multiple-hearth sewage sludge incinerators; - : , .
. .
discuss the options of combustion air preheating,flue gas reheating,
and energy ‘recovery; and
" 1ist two important operational problems which can adversely influence\_
air pollution emissions. ' (/ Y

o

4

Student Prerequisite Skills- ~ Course 427, Lessons Numbér 23 and 26 - ' : :
__‘3iLevel of Instructionx Undergraduate engineering ‘'or eQu}valent
- ' . ] & : \j o
- ‘Intended Student Professional Backgrounds- Engineers, technical staff, regu-
‘latory officials,’and others ‘who work in combustionJrelated areas of air / N
-pollution co trol '. o o - - . B ;/’

N
R

_;Q o Support Materiale and Equipmentz _ . ' - '
i . ) o T : » o ‘v

1. Slide projector L o

%

'2. Slide set for Lesson 30 . . . ; \ |

R Speeia};lnstruptionséT_ANerigeﬁ*)

TGy,

— o A
-

o A .
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References: -

~

1. Combustion Evaluation in Air Pollution Control, Chapter 12.
an = ‘

2. -"Air Pollution ’Aspects of Sludge Incineration," EPA Technology Transfer
Seminar Publication, EPA-625/4-75-009 (June 1975).

~

[ ] E
3. Petura, R, C., "Operating Characteristics and Emission Performance of

Multiple Hearth Furnaces with Sewer Sludge," Proceeding of -1976
National Waste Procegssing Conference, ASME, pp. 313-327 (May 1976)

q. Rubél, F. N., Inpineratiog'gg Solid wastes, hoyes Data Corp. Park
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| LESSON 30: MUNICIPAL 8EWAGE SLUDGE INCINERATTON
CA27-30-1 TYPECAL SECTION OF A MULTIPLE-HEARTH SLUDGE INCINERATOR
427-30-2 MULTIPLE-HEARTH FURNACE FOR INCINERATING MUNICIPAL SEWAGE
SLUDGE _ .
-421;30—3 SINGLE HEARTH SLUDGE FURNACE
/ . »
~ 427-30-4 FUNDAMENTALS OF FLUIDIZED INCINERATION
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4| NOTES
. ]
" Course 427, Combustion Evaluation M‘f
n Municipal Sewage Sludge i‘,\ P
. Lecture ‘r/f/e. Incineration ) U prot®
I. , Introduction !
A. State the lesson objectives N
B. Incineration is an acceptable method for sludge ) ¥
reduction to produce .
1. Sterile landfill material
2, Odorless emissions o
‘Particulates may be controlled to the New Source
. Parformance Standarda (1 3 lb/ton dry sludge input)
e by using either - - - ) S
. 1. Venturi scrubbers with approximately 18 inches of
water pressure drop
2. Impingemeqt scrubbers and automatic control
. (sensing Q5) of auxiliary fuel burners or
3.  Electrostatic precipitators
II. Municipal Sewage/Sludge
A. Describe composition and give examples of See Attachment
1. Moisture content 12-1, Chapter 12
a. Varies with ratio of primary to secondary treat- page 12-10
' ) ment
' . b. Varies with drying equipment .
2. Combustible materials ' _ & IV
3. Dry heat ccontent ' ' -
B. May contain metals, potentially hazardous air pollutants '
1. Give examples which are converted to oxides and
) removed with ash or particulates (cadmium, lead,
~ -magnesium, and nickel) - » .
2. Describe speciaL&problems of mercury : ' '
a. Provide an ekample concentration (5 ppm) i
b. Decomposes to mercuric oxidq or metallic mercury N
in high~temperature regions bf incinerators
¥ c. Give an example of removal by scrubbers
d. - State the hazardous pollutant standard limiting
" mercury from incineration and. sludge drying
facilities (3,200 g/day)
C. Discuss toxic pesticide content, as well as other organic
) compounds, such as PCB's
Y 1. Give an example concentration (1.2 to 2.5 ppm)
2. State influence of combustion temperature on :
-decomposition - *
) ‘a. Up to 95% at 700°F
b. Total decomposition at 1, 100°F
¢ ﬂ“ "IIX. Mulfiple-uearth Furnaces . . .
_ "A. Describe history of use ' |
. . 1. Current design, an adaptation of the Herreshoff Slide 427-30-1
A design of 1889
2. Previously usel for roasting ores .
3. Adapted for sewage sludge in 1930's
‘a. Oil-firod ‘auxiliary fuel
. : - b. Hanqal operation controls °
: 4. Vet s crpbberl added in 1960°'s o 1
R 5. ~‘Automatic controllq;s, improved in the 1970' : ,
L _ B. Describe typical design’ features : K
. 5 5. Cylindrical rofractdry linett shell g
-~ . BN ' \\‘{ gL T Ty ,? ¢ .
o . R " o % .
L o ._304 I .
A ' 23{[{)...
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CONTENT OUTLINE @}’

427, Combustion Evaluation
40 ppone”

Lecture Title: ““',',i,giggmgggaqe Sludge

C.

D.

E.

" and "ramble" arms may be used as

~Delcribo waste haat racovery designs

?

2. Multiple (5 to 11) horizontal refractory hearths
3. Mechanical stoking produced by motor-driven revolving
central shaft: v
a. Typically, 2 or 4 "ramble" arms for each hearth
b. Central shaft and "ramble" arms, air cooled
c. "Ramble" teeth (similar to ploughs) agitate the
sludge material and move it across hearth to

-openings for. passage to the next lower hearth I

d. Plowine breaks up lumps and expagses fresh area
to heat and oxygen
4. Excess air, between 50 and 125%
Diggcuss temperatures and purposes of each combustion zone

1, brying zone ﬁ“‘ "
a. Moisture uced to 45 or 508
b. Sludge temperatures raised ompambient to 160°F

» Gases cooled to around 850°F
Typically no odor problem because of low sludge
temperature
2. Volatilization zone
a. Distillation of volatiles
b. Combustion of gases, yellow flame

& O

c. Temperatures 1,300 to 1,700°F .
3. Fixed carbon burning zone

a. Shert blue flame
4. Cooling zone

a. Cooling ash heats combustion air
Discuss influence of moilture on combustion and fuel
requirements
l. Give an example of the influence of moist re con-
tent on combustion temperature
2. Give examples of influence of moisture and
. rate on- combustion zone location t
a. Feed rate or moisture reduced, combustion region
may move to higher hearth
Feed rate or moisture increased, combustion
region may move to lower hearth because longer
drying time is required
c. If combustion zone drops too low, auxiliary
fuel must provide energy to control combus-
tion zone
State that 1nstrumentat10n and combustion control systems
may include
1. Temperature-indicating controllers
2. Proportionate fuel burners ,{with electric ignition)
3.  Ultraviolet scanners
4. Motorired valves in-air headers _
5. 'Automatic draft control
6. Flue-gas oxygen analyzer driven controller
State that cooling air (at 400°F) from cenﬁl shaft

ed

-b.

N

1._ Preheated combustflon air
" Reheat energy to \aid in dissipating the Plume

allociatod with the wet sorubbers

»

Slide 42739_0-2

.

N
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~ CONTENT OUTLINE

Cou,so. 427, Combustion Evaluation
Municipal 4 2\
Lecture Title unicipal Sewage Sludge A prot”

"y .

imﬁ

Poge & of .. ©

NOTES

1v.

Combustion air preheat Q
Building environmental control or

3. Thermal conditioning of sewage sludge (to reduce
moisture and save fuel costs) | :

Review methods for controlling air pollutant emissions
1. Insufficient combustion air results in smoke
emitted from furnack doors as well as stack
-g2- . Plugged scrubber plates will cause restriction of
o gas flow '
3. Venturi scrubber recommended

4. RAuxiliary fuel burners for combustion temperature
Sludge dewatering for combustion temperature
Afterburner for

a. Plume dispersion

b. Odor control

Other municipal sewage sludge incineration equipmént

A.

B.

Mention, as an example, the design of small single-

hearth sludge furnaces -

Discuss the typical design features and emissions
_control of fluidized-bed combustion units (reactors)

B Fluid bed where fuel, sand, and residual inerganic
materials are intimately mixed with air (resembjles
boiling agitation)

2., Thermal oxidation (at 1,200 to 1 920°F) with no
flame, bed may glow

3. Fluid bed volume of adequate size to act as a
stabilizing heat sink

4. Disengagement zone above fuel bed ‘which permits

* ‘larger solid particles to settle out before exit-
ing with the flue gases '

5. Scrubber required for particulate control }

6. Operating temperetures and excess air arg low so

. that NOy formation is modest
7. Also demonstrated with ‘wood waste
chemical to produce hot gases for
in recovery boiler '
Mention that -co-firing of municipal solid waste with
sludge has been proposed as an acceptable combustion
plan_ having improved -economy. : .

and with liquid
steam generation

-

30-6

t

-

Slide 427-30-3 -

Slide 427-30-4

e

e




- LESSON PLAN o
-

TOPIC: Pre-Test andu"ostﬂ‘est
L

l -
TRAWING SeS .1 .COURSE: 427, Combustion.Evaluation
LESSON TIME: 60 min. .

PREPARED BY: . DATE

J. T. Beard - "~ Oct. 1978

L

\

v

Lesson-Number: 31

Lesson Goal:" The goal of the Pre-Test and Post-Test is to measure the effec-
tiveness of the training program in teaching the participants the instruc-
tional objectives

v

Lesson Objectives: At the end of the time periods for the Pre-Test or the
Post-Test, the student will have:

o ]
dEtermined to the best of his or her ability the correct answers to the
50 gq@éstions on the test; _ s :

worked the test independently without'assistance from other persons,
from personal notes, or from other course or text materials;
marked his or her answers on epé answer sheet, signed tne answer sheet; :and

. s - . _
handed the answer sheet to,the course moderator. -

~Student Prerequisite Skills: Air qulut{on Trqining Institute Colrse 452 or

equivalent experience, and one of the following: college level training
in physical science, engineering, or mathematics.. : S )

v . . ; .

-

Y

'Level of Instruction: Undergraduate engineering oé'equivalent.

Intended Student Professional Backgrounds: Engineers, technical staff, regu-
latory officials, and others-who*work in combustion-related areas of air
: pollution control - : -

SuppOrt Materials and Equipmen%fir
."’ - .

Multiple copies of Pre-Test and Post-Test including the attached tables

of property values and answer sheets, for distribution to the students

at the beginnihg of the testing periqd.

Special Instructions- \
) Advise ‘the: students that the tests are timed, closed—book tests, and ‘that
only the completedaanswer sheet is to be handed in at the end of the test

time periOd o L , _ S . o 5

24 A



o

)

®The Pre-Test measures the students' entrance level of knowledge about
Combustion Evaluation in Air Pollution Control; and the Post-Test measures
the students' knowledge at the end of the course. A comparison of the
students' grades on the two tests will indicate the learning that has
been achieved during the training period.

: Y completéd answer sheet is included in the lesson plan to aid the course
moderator in grading the tests. At the end of the tests the moderator '
may post the answer sheet for the benefit of the students.

Reference: None |

-




. _ . T ' " SCORE FOR PRE-TEST
ANSWER SHEET for Pre-Test Name : - -
#427 — Combustion Evaluation

R

Part I  True-False Part 11 (continued)

1. (:) F 17. a b ¢ (E)
2. T a “1. a@® ¢ a
3. I 19. a ‘a, o d
a. F , - 20. a b € a
5. T ‘:’ _ : 2. a (5, ¢ d
6. T <E> 22, (:)-
___,T?fm:m;.??ﬂiiiwkf e e e ;_23-..5“‘E>.C. S
8. T-t5> - ” 2;. a b c <:> ‘ o
0. T , ; a

o

e

o1
g

10. (E) F - ‘Part III Fill in the Blank

Part I1 Multiple Choice . }. __ 100°F

1. a ‘:) c a ,  ~ 1,000 Btu/ft3

" 848 t 5%

=2
Q
w

4.a utility or industrial poﬁer plants

>
Q
o

i

b diesel'engineay'gaa turbines

-

5.a nozzle — (is it appropriate?)

. Q0
QE) e a

"p oil = (is it appropriate? wﬁqt'T?)'“

<

6.a sulfur; nitrogen;

Q

b ash; #anqdium'

Q

o BT steam injection

10.

s

Part IV _Pfoblems

BTon

120 A 1. ~ 2.38 o 3.

©0@-0 -
y

D 25,00 gl

c_'..
a
[}

14,

- 674._  T . ‘gal/hr,~-.: L ;%

=2
e
w

“Btu/lb

15,

e o

. j="

o

n

18
Py 4

a
e
a
a
. )
_-‘f - 7.1<3> b
_.;1 ;. j -
©
a
a
a
a
a
a
a

5. 22 . . o'w

e :
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. #427 — COMBUSTION EVALUATION IN AIR POLLUEION CONTROL

PRE-TEST

Note: , The entire test is closed book. Each answer is worth 2 points.

Enter all answers on the ANSWER SHEET provided.

»
Part I True-False -
Note: For each of the following statememts, circle on the angwer sheet- ~:Q\
the letter T if the statement is True or the letter F if False.
1. T F Good combustion,with minimum oxygen and no CO in the flue gas implies
. maximum thermal eFficiency. =~ ~ ~ o e
2 T F A gas flame is likely to develop-a-yellow tip with increased percent
premix. ' v
3. T ? Excégg air ‘can be used to control furnace temperatufe.
: A - S - .
4, ™ F The use of water walls in a-furnace‘permits reduction gf excess air
 relative to a refractory-wall furnace. Lo N
5 T F Most gas burners can easily handle a wide spectrum of gaseous fuels.
: : , . . - o
6 T F Tiw Aifference between the higher (gross) and the lower (net) heating .
: value of any fuel is the amount of heat lost to the surroundings of
the combustion installation. . B A
7. T F At chemical equilibrium the forward and reverse regctiéns are equal
with the net effect of no change in the amounts of reactants p:psent.
8. T F  The region of stable flame operation is unaffected by the fuel gas
_ flow rate through a burner. ' :
9. 'T F Furnace volume requiféd for burning gaseous fuels is generalily

higherx than'for-the more dense fuels, such as oil or coal.

‘Blue flame is characteristic of burning gaseous fuels with a high

degree of premix of the fuel and the air.

ig. T F
' qut I1 Multipie Choice
;the:

~1. The m&ﬂor'limit.gh the rate of cphbuétion of-a'fuel oil is

Thefq is only one "best answer." Circle the proper letter on the
answer sheet. : oo

a the rate of mixing of the air and fuei'vapog;

‘b  the rate of vaporizatfoﬁ of the oil.
e l~t§$ rate of diffusion of O, to the surface of the droplet.

. Pre-Test 1 .
314 31
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2. Caombustion rate is influenced by the temperature as erpressed by

. . LT
a Charles' Law. “ . » T .
- b Dalton's Law. * &F\
c the Arrheniusg Equation.
3. The heat content'or enthalpy of a material is ) _ -
} a the sum of aensible and latent heats above 80O r{erence
condition.
_ b- the sum of gross heating value and the sensible a 'latent-heats
! above a reference value. o

~© the sum of the -available heat and-the sensible and letent heat e
above the reference value.

4. As the temperature of a fuel oil increases It
at® the fuel oil nufiber increases.
b viscosity increases.
c ~ viscosity decreases. o ~ .
. 4 more pumping energy is required
. 5. {\Fhe oil vapor temperature at whiéh a spark will cause ignition (explosion)
" is called _ ‘ - ; .
b a lower flammability limit. :
b higher flammability limit. o o
¢ flash point. : ~ -t \
¢ fire point. _, ¢ 4 * s . &
6. ,émoke may be reduced from a controlled-aﬁr incinerator by
. e, ‘ .\ Y -
e i - a opening the charging door. . e
'~ .b adding moisture to the charge. K '
¢ increasing the fan speed. )
a reducing the charging rate and\air velocity...l__~1 - ¢ '
M [ T . » ' " B
7. Sulfur from fuel oil comb st on B T : . , A -

a is shifted more to SO with higher excess air
b - is emitted giinly as SO3 mist.’ "

c¢. does not conyribute to the heating vaIue of the fuel.
.d. 1is desirable becauhe it kills germs.

o

8. Catalytic disaociation o

is recomended for controlling NOy from coal furnaces. _

a
b  requires an oxidizing atmosphere. |
c requires a carefully controlled high gas temperature.
) 4 requires a reducing atmosphere
Pre-Test 2 ., )\ e g
- 31-5 .
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9. The theoretical minimum flue gas temperature which can be achieved from a
boiler producing 500°F steam, which has a preheater and an economizer, is

[o o N o+

10. Improper operati n of a natural gas fuel boiler is indicated by an instrument
readiqg of ' ' '

) a 10% 0, iN the flue gas.
o i b" 2% °CO in Yhe Flug das. -
c opéc%ty of \30%. b
d all of the ve.

. \ : : )
11. Which of the .following-fXrmylas would‘you,use to calculate (at constant

’ pressure) a volume change in flue gases due to hanges in flue gas temperature?
. _ g 4 ¢hang
A - , ‘a Q = Sp. heat x lbs (T, - Tll:
BV ) g : - ’ i
) - 7 v . b x ‘{Az #f Pt d x W . \Vfb" .
. y HV g . , - _
. [ ) g .
~ 3 -
c —_'ﬁ_— t = centigrade temperature '
: ty . et . N
~ l : 2 ] )
N - R ’, "
TV TV ~
' v a4 — = ~, . T = 'absolute temperature
o ) Tl : :r2 » ¥ ..\ . -

a may-be used as a co tion contg:l variable. ;
« -~ is particularly useful when a sysStem simultaneously burns
' multiple fuels. Lo " -
- ¢ - can be uséd in the place of CO, to monitor combustion.
-4 all of the above. . '
13. A certain mass of methane occupies 100 ft3 at 60°F and 1 atm. pressure.
The température and pressure of this gas i8 raised to 580CF and 2.5 atm.-
The volume of methane at the final conditions is - ' ‘
. . _ .
a greater than 100 ft3.‘
i b equal to 100 ft3. -
¢ less than 100 ft3. - :

v . w -

-

L. . Pre-Test 3
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15.

16.

17.

18.

«. 20.

v
The volatile matter in solid fuel has the greatest rnfluence on which of
the following?

a total air required.
- b fuel bed thickness.
combustion temperature.
<. @™~ overfire air.

Water injection is an effective NOy control measure for gas turbines because

gas turbines operate at higher temperatures than furnaces.
water is cheap and weighs about the same as oil. |
water acts as a heat sink.

water helps to wash away the soot.

aaT e

Flue gas recirculation generally

improves the thermal efficiency.

increases the combustion temperature.

reduces the combustion temperature.

is more effective for fuel NOy than for thermal NOy.
L y

The effect of a substantial increase in the fpel moisture content

a0 oo

~

reduces flame temperature.
reduces energy utilization in the radiant boiler section.

reduces rated unit capacity. ' :
all of the above.

QLo oe

Multiple-chamber incinerators operate with : excess air, compared to
controlled-air incinerators.

a less fﬂmw”__>"_f“ IR
. b ‘more’ P

c  higher tempersypre - o _

d lower velocity _ e

r~

Combustion in controlled-air incinerators occurs
i . .. "

‘e oA

) v . i -
with lower temperatures than in multiple-chamber units.

a
b with low, velocities. -
.C with three stages of combustion. . o
d with more particulate emissions than a municipal incinerator
B equipped‘with a water-spray device.
m~ ) .. - - : o ,
Most toxic and hazardous chemioals / o o

.'A_ cannot be disposed of by inSineration.

b have general-purpose incinerators available. for their destruction.

e : require specially &esigned incinerators.

Pre—Test l

< a: 317 £?£;L* o .- " _I~ : -

L

v

MR



21. Afterburners are operated at less than 25 percent of LEL concentration of
combustibles

a to avoid excessive temperatures,

b for safety reasons.

c due to availability of low-cost fuels.»

22. A flue-fed single-chamber incinerator with an afterburner on the.roof, in
comparison to a controlled-air incinerator

has less fuel required'by the afterburner.
needs a larger fan.: , \\

has lower average air velocities: : -
uses more overall excess air.

aaoow

23. Steam-atomizing nozzles may be converted to air-atomizing nozzles

because air is so economical.

a
b if the fuel temperature and viscosity are appropriate. .
s . ¢ if the nozzles get dirty. . '
d only in commercial-sized oil-fired units.
24. E-factors . A .
\ a are useful in calculating concentrations from new stationary

sources.

b do not require actual air-flow and fuel-flow values.j
c do require correction for excess air.

da all 2f the above.

25. The emission factors, sdgn\as those given in AP-42, are T, : S
exact for each type of gource indicated. :

the average emissions from a collection of similar sources ,!aahk-
valid only for new equipment. . -
all of the above. '

v . ’ ' .

KNS
Qoo e

pPart ‘III Fifi in the Blanks ' ' ;.

N L]

.

1. State the typical flash point for a3 No. 2 fuel oil:. - - OF.:.

N
N

. 2.. Give a representative value of the heat of combustion for a natural gas:

] o ‘. . _ . T | ' \\7 Btu/scf.
PR 3;,.State a typical percentpge by weight of methane in natural\ﬁrs‘ %
S 4 ‘.List two of the | three ma;)or stationary sources of NOy. °missi°\‘\’-" . b

" _ b ] : - | ) .
) .' ..\ T . N " o a . T . 1‘ B [ v
' e 'Pre-Test 5
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List two important features that should be checked during maintenance of
commercial oil-fired boilers:

a . ‘
b *

List two chemical constituents in a fuel whiéh influence the air Pollutants
formed:

a . ~
b
‘The water-gas reaction in flare combustion ‘is achieved by - SRR -

Part IV Probl ems
\

1.

If one ft3 of hydrogen at standard conditions requires the oxygen from
) A

2.38 ft3 of air for complete combustion, the air required to burn one ft3 of
¢o,will be: L fed T

For hogged fuel having 5,000 Btu/lb as-fired heating value, calculate the
furnace volume required to fire 50 ton/hr if a reasonable design is 20,000
~ Btu/hr £t3: - £e3. |

/

-

- If the energy output needed is 75 x 106 Btu/hr, calculate the reduired oil-
burning rate if API 10-degree oil is burned with an overall thermal effi-

- clency of 72%: ~gal/hr.

If Dougias Fir has axdry heating value of 9,050 Btu/lb, calculate the as-

N

Determine the excess air percentage for a fuel combustion process whose
Orsat:analysis of the flue gas is 9% CO,, 5% 05, and 2% CO:
. .- L 4 .

% excess air.

(., - 0.5,¢qp) x 1008 —

! AEA = —2P _

p)

'1¥_QPpé;T68£ 6

P L ) Y, o, Tl

fired heating value if the moisture as-fired is 35.9%: N Btu/lb.
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i ___ Attachment 3-1, Analyses of Samples of Natural Gas
- ( . .-
: Sample No. 1 2 3 4 5
Source of Gas Pa, So. Cal, hio La. Okla.
Analyses . ) \
4 : Constituents, % by vol ) - §
- _ — I, Hydrogen —_ —_— 182 -— R
' CHy Methano 83.40 84.00 03.99 $0.00 84.10
CAly Fahyleno — _— 0.25 - o ,
C.lg Fthune 15.80 14.80 —_ 5.00 6.70
’ CO  Carbon wmanovide — — 0.45 _— —
COy Carbon  diovide — .70 0.22 — Q;B()
N, Nitrogen 0.80 0.50 3.40 5.0 8.10 AN
0. Oxavgen - - 10.35 —_ —
".25 lly&_lrngvn sulfide — —_ 0.18 — —_— N
Ultimate, % by wt g !
S~ Sulfm - - -— 0.34 —_— -
- Hy  liyidogen 23.53 23.90 2120 2268 7 2085 -
G Carbon 75.25 74.72 69.12 69.26 64.84 ;
N, Nitvogen 1.22 0.76 5.706 8.06 1250 '
Q, Oavyen —- 122 1.58 — 1.41
Specific gravity (1el to air) 0.636 0.636 0.567 0.000 0.830
Higher heat value : A ' ’ . .
CBen e GOF & 30 in, Hy 1,029 L6 964 1,002 074
: Bt 'lb of fuel 23,170 22,904 22,077 21,424 20160 °
.\ -~ N . N ' ' J‘_
. : i - . )
Reprinted with permission of .
" Babcock & Wilcox ‘
* . )
. ' -
1
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Grode of fuel O Lo e percent mercet by 0 . - ]
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e, | lising pot-type burners ond other:, legal i i : »
burnens requitng thiy .vodo of N | | B o
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| A diriiliete oil for generel purpose ;100 0r  20° o0 , 038 4 ) s sar Y Nne ... | ... e, or! ... | ..o 300 ...
No. 2 domettic heating lor ure inburman * legel Lo
1ap requicing No. 1 fuet ol i 3 I ; ' .
¢ . .
| An ol for burner inpedations nat- 130er 20 £.50 0.10 c2s | as 2eq! v .| s
Ne. 4 sqvipped with preheating foc!- . fegol - I : :_ , ' . #
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/T Rteachment 354, Typlcal Analyses and Properties of Fuel Oilsl
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Orede Ne ! Ne 1 . Ne & Ne. 8" Ne ¢
Fve} OR fwvel OH " Fuel ONl Fue! Ol Fuel Oll §
1 Distillote Very Light light - s T
yee {Kerasens) Ditillote Residual | Residuol. | Residuel
- . - i - : ' ——
Color e Light Amber Mack Mack Slock
- . - . [ . -
AP grovily, 60 40 3 n R} 1]
Specific gravity, 6040 F ' 023 834 09279 09520 098
. Lb par US. gallon, &0 F 4870 104 7722 792 ..2‘2‘
Vistos., Cenlislokes, 100 F 18 248 150 s00 340.0
Viscos , Saybolt Univ., 100 F* n 3 77 232 — «
Viscos . Soybolt Fuipl, 122 ¢ - - - -- 170
Pour point, ¥ o . Selow 1000 Belaw rein 10 30 43
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Corbon raridue, per tent Teoce Tidee 23 50 120
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Attachment 3-?, Gravities, Densitids, and Heats of Combustion of Fu -1 o11e6
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. . ’ )" . o L) ( . .
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; " - . . L ' B L. N [} X ‘“,
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(24| 0.9100 ° ,'7:'5'9-‘1 19,190 | 145,000 10,040 ) 103 120 i?g"l 1b.020
25 1 0.9042 1.538 19,230 | 145,000 10'(;}:.() |18, 100 lul) t()u) ' }:;'(()luk)) o
Ao | 08904 .Q 4933‘. 15,270 40300 | d0.7lo 18,130 [ 135,800 10,070
- 199 Q7 19, : ] ! ' _
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hd A}
Coal-
N Anthracite
@ &
X o~ ‘ _
- Low-Vol. Bituminous
Nz N
~C - . ~ - . -
S . High-Vol. Bituminous
" subbituminous A
Subbituminous €
Lignite A

L2

b
. T ) Vi
Attachment 3-11, Selected Coal Analysis2
. =y R
- . -  Volatile Fixed o
Location Moisture Matter Carbon Ash Sul fur
' . ' ' - . - ’ r
Lackawanna Co., PR’ 2.5 6.2 7 719.4 11.9 0.6G
. ) . . . . " ° »
McDowell Co., WV 1.0 16.2 77.3 5.1 0.74
X . i '
Westmoreland Co., PA 15 . @7 . 56.6 11.2 1.82
. 2 ' . u”‘. ) N ¥ . i .
Musselshell Co., MT - 14.1 - 32.2 46.7 . 7.0 % 0.43
Campbell Co., WY - 31,0 . 31.4 32.8 4.8 0.55
Mercer Co., ND v 37.0 37.0 32.27 4.2 0.40
Reprinted with permission
P : of Babcock and Wilcox : s
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. Heating
value " 7

12,925

14,715

13,325
11,140

- 8,320
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ANSWER SHEET for . Name : .

#427 — Combustion Evaluation

-
-

Part I True-Falsge _ Part 11 (continued)

1. T F ~17. a b ¢ 4
2. T F 18. a b ¢ 4
3. .T ~F: e 19. a b ¢ d
x 4. T F . ‘ 20, a b c 4

5. T F i 2. a b.c d

6. T F | - 2. a b o a’ |
o S r\\\¥ h 23. a b ¢ d

8. T°F . - 2. a b ¢ 4

9. T F T ’ 25. a b c 'ad

10. T F 3 | " Part III _ Fill in the Blank

Part II Multiple Choice 1. ' -

1. a b ¢ d . -2, . .

2. a b c a- i 3.

10. a b ¢ 4d

il.- a*b ¢ 4 - o ~ - Part %IV oblems

12. 'a'b ¢ 4. . R TR £e3

.13, ab ca . 2. 1: NS

'14}. a b c 3 __g--._4 " N 3 ﬁ'. 1/ - .gal/hr

1. a b ca . . R 3/< _ Btu/1b ¢

16, a b ¢ L |
. ._",,§ Pl a Pre-Test 12
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ANSWER SHEET for Post-Test
#427 - Combugt ion Fvaluation

Part 1.

2. 'x‘-@ I8.
3 1 ® . 19.
a. v () 20.
5. & r | . 21.

__true-False

() -'. ;!;“@ N R 22..~ -
. @ F 23.

l’dl_" _'__l_

SCORE FOR P8ST-TEST

Name *

(ccont inued) \\
¥
a b ‘:) d *®

a b

> o
gc'r
o Q@
e o

. N\
5. 1@ 24. a b @ a
Q. @F ' 25. @b c. 4 -
v (:) Fooo, Part 111 Fi1l in the BRlank
s . » . i
, Part FT- Multiple Choice 1. A 11,140 Btu/lb
Loabp c@® 2. ~.141,000 Btu/gal o
a@®ca S 3. 2,59 _
: % ) fixed carbon/ ash
3. Gd h G d 4'3 . B e U
s a4 q j, volatile matter; moisture
'y d . 5 4 mhbge fgeidﬂox
PRI . ‘ o ;, use more excess air ;
R _’7: @ b c limit 803' mx A], Qr '——- .
g, a @ ¢ a improve efficiency _
9. a ® e d 7 partiMions; also .
. h _ efficiency ~ \~__ -
0. a bOd o ) .
Part IV Problems '
. . . &
. 1. .80 S £t
2. 620 - £e3
g, 784 ' gal/hr
2. 3,620 Btu/1b
> : — . :
> 5‘ 98' . '- l_ % . . -
\ 31-16 o . L
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$#427 — COMBUSTION EVALUATION IN AIR POLLUTION CONTROL

POST-TEST
¥

The entire test is closed book. Each answer is worth 2 points.
Enter all answers on the ANSWER SHEET provided.

For each of the following statements, circle on the answer sheet
the letter T if the statement is True or the letter F if False.

The use of excess air to control furnace temperature always increases

The difference between the gross and net heeting values of a fuel iys
related to the exhaust gas temperature.

At equilibrium the temperature is always the adiabatic Flame tem-

For best overall furnace performance, a gas flama should touch the
heat transfer surface (tube/water wall). p

All chemical reactions are reversible to some extent.

Direct-fired afterburners are no longer viable for controlling
gaseous emissions, due to the shortage and cost of natural gas.

The region of stable gas flame operation is affected by the’ per- )
centage of premixing. ' - . -
If cracking of fuel oil droplets occurs, the flame will change from

its normally yellow appearance to blue.

Lifting of flame zone can result when gas velocity exceeds the
flame propagation velocity.

Catalytic incineration operates at consiaerably lower temperatures
than direct-flame afterburners. . -

1. The emission factor for SO, is 38 S/ rather than 40 S because

Note:
Part I True-False
~ Note:
1 T F
'thermal efficiency.
2. T F
3 T F
perature.
. "
4 T F
5 T F
6. T F
7. T F
8. T F
9. T F
10. T F
Part II Multiple Choice
Note:

There is only-one "best answer."  Circle the proper letter on the

answer sheet.

sqﬁe”sulfur is not burned _ | o . e

a
b some sulfur converts to SO, . '
¢ some sulfur may be collected with particulates by' a precipitator

d - all of the above ) o _ v /}

post:Test 1
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4
2. 'The molecular weight of ethylene, C2H4, is 28, and the molecular weight of
ethyl alcohol, CpHgOH, is 46. The amount of air required for complete com-

bustion of 28 poundq of ethylene would be

a less than the air required to burn 46 pounds of ethyl alcohol.

b - the same as the air required to burn 26 pounds of ethyl
alcohol.

o more than the air required to burn 46 pounds of ethyl alcohol

3. The available heat from a combustion system is the »

;oo ... ......a .net heating value of the fuel less the flue gas losses.

b gross heating value of the fuel less the ‘heat content of com-
bustion products at the adiabatic flame temperature.

o gross heating value of the fuel plus the heat content of input
fuel and air,less the flue gas losses.

4. The higher heating value is not equivalent to .the

gross heat of combustion.
net heat of combustion.
gross calorific value.
total heat of combustion.

o TRN o TR o Ji +

s
5. COp is an important parameter in - combustion control because CO; is an

indication of . .
high combustion temperature.
excess air.

fuel burned.
dissociation.

aa o

6. 'Two-stage combustion may be accomplished by
turning dp the primary air.
providing overfire air ports.

o lean combustion followed by rich combustion | : .

A increasing the underfire air.

O

7. Concentration stanfiards may be expressed in

. a ug/m3.! v g

* b ton/hr. , !
¢ million Btu/hr. :
a kg/hr. : : ‘

8. An air preheater has the following effect on a combustion system

: decreasés‘efficiency.

a
b ~ increases efficiency. : l
¢ requires more fuel.. - . \
d produces less Nox ' v 7 i ;
L : - . - ' 26 ) : - 3
. e Post-Test 2 \ . '
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9. The Arrhenius equation permits the calculation of -
[ AN
a the efficiency of l catalyst as a function of its surface.
b the effect of temperature on the reaction rate.
c utilization of stoichiometric air.

10. Temperature and residence time requifements for toxic chemicals (such as
pgsticides) in comparison to those for hydrocarbons of similar structure
are

approximately the same. _

, considerably higher due to the presence of chlorine and

T -+ - - nitrogen atoms. B . . : e )
c considerably higher due to the need for higher destruction

efficiencies for safety reasons.

oo

11. Thermal incineration of combustible gaseoué polldtants in low concentra-
tions requires a combination of temperatures and residence times which,
typically for hydrocarbon golverits, are

500 to 1,000°F for 0.2 to 0.4 seac. ‘

a
~ b 1,600°F for 1 to 2 sec. -
c 1,200 to 1,400°F for 0.3 to 0.5 sec.

12. The proper equation to be used in correcting emissions to a 50% excess air

basis is '
‘2 E‘p - 1 - .1.5 sz - 0.75% CQB
- .21 :
2
o 1.5 0 - 0.133 N - 0.75% .
3 . 0.21

- ./,//
(0zp - 0.5 COp) x 100%
0,264 sz - (02p - 0.5 Cop)

c FSO -

-

\

13. The pfoper gquqtion for determining the excess air from a fiue gaé Orsat
analysgis is

(Ozp - 0.5 COp) x 100%

%m N -
b 0.264 Ngp - (02p - 0.5 COp) |
\. . C02P : "
 RBA % e _
© 7 0.12
L
b ' '
ks . .o ’
5‘; N » - ‘ B ‘\. 0 ;
e . \.. . S Post_'rest 3 . ) '.._. ‘.; . L . . i .
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14. A continuous source of ignition for oil firing is

a mqre critical than for gas-fired units.

b generally an electrode f a utility boiler.

c generally an electrode fOr domestic units.

d generally a pilot 1light for residential units.

15. Vanadium in fuel oil influences corrosion

a of nozzles by forming & fuel acid.

b by acting as a catalyst to shift NO; to NOj. °
c by acting as a catalyst to shift S03 to ' SO3.

d changing the dew point

16. More auxiliary fuel in the afterburner of a controlled-air incinerator is
usually needed if the gas temperatures are '

a below 2,100°F. R
b below 1,700°F. -
c below 1,500°F.
d above 1,700°F.
17. ;lhe ash fusion temperaturegof coal R

®

a is important whéns%onsideridq;burning in a pulverized form.
b should be low enough to form a good cake.

c

d

indicates the potential of: qdrming clinkers or‘slag.

is' lower than the ash-softening temperature.
18. An increase in a solid fuel's volatile matter

. . i -

a requires an increase of overfire air in stoker-fired systems.
b  ingreases the tendency to smoke.
c implies a decrease in the solid fuel's residence time require—
) ments.

! d all of the above.

-
) AL

19. A pulverized-coal furnace burning eastern -coal would typically have a CO,

level around - -
- a 5 to-10%. .
. b 3 to 5%. '
c 20 to 25%.
a -

13 to 15%.

20. Thermal efficiency is generally imprbvéd with

less excéss'air than at the smoke limit.

a
b flue gas recirculation.
c reduced combustion air preheat.
d more excess air than at the smoke 1imit.'

31-20




, 21, ' "Lowest practical O," )

a is lower than the "minimum O,.

b provides for an operating margin below the smoke limit,
c results in less smoke than at "minimum O

d results in more NOy emissions than at “minimum 0,y."

22. "Thermal NOy" and "Fuel NOy" have similarities because

a the formation of each is directly related to temperature.

b the formation of each is inversely related to temperature.

c excess air is an effective control technique for each.

d flue gas recirculation is an effective control technique‘\'
for each.

23. A rotary-cup burner unit generally has greater particulate emissions than
a mechanical atomizer unit because the
viscosity is too high.
drop sizes are too large.
residence time is too long. o
* the cup's edge is chipped.

o TN o NN o g -

. ‘1 24. Atomization size and pattern shape are

a 1influenced only by o0il pressure.
b maintained by. daily replﬁbement of old nozzles with new nozzles
on oil-fired utility units.
ro ¢ maintained by cleaning nozzles each shift on oi1 fired utility
) units.
da are about the same for all nozzles sold for residential units .
in the USA ] :
25. What is the maximum sul fur content for a 12°API fuel oil which muet maet
a 0.80 1b 302/106 Btu standard?

.758%.

1.50%.
1.00%.
6.15%,

a0 oe

Part I1IIl1 Fill in the Blanks

1. Give a representative higher heating value for a western subbituminou8§§ﬁﬁ
coal: « _ : Bt\l/lb. | , - . ) A

2. Give a representative value for the total heat of combustion for a No. 2
" fuel - oil: ] ' Btu/gal. ‘
3. Give a representative moisture value for a typical eastern anthracite
coal: g S, :

- R . - Post-Test 5 _
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4. List two compdnents in the proximate analysis: a

P—

/

) 5. List two reasons why NOy control from coal-fired boilers is more difficult
than from similar oil or gas units: : N
a -

<«

6. Most larger furnaces burning fuel oil limit the excess air to around
2 to 5%, rather than 10 to 20% because of: o T

a Ve
b ', \ .

N

7. Reinjection of fly ash from stoker-fired units increases the

P

Pact IV Problems

1. A certain mass of hydrogen occupies 100 ft3 a4t 60°F and 1 atm. pressure.
The temperature and pressure of the gas are increased to 580°F and 2.5 atm.
What is the volume of hydrogen at the new condition? .ft3.

2. For typical municipal solid waste having an as-fired heating value of
6,203 Btu/lb, calculate the furnace volume required per ton of waste per
hour if a reasonable design is 20,000 Btu/hx fed: - N ft3t

. . . 3 . ' -
3. If the energy output needed is 100 x 106 Btu/hr, calculate the oil-firing
rate if the thermal efficiency is 85%, the heating value is 150,000 Btu/gal:
- gal/hr.

4. If-western hemlock has a dry heating value of 8,600 Btu/lb, calculate the
as-fired heating value if the moisture ag-fired is 57.9%: Btu/lb.

5. A_spreader’stéker—fired furnace'burns coal at a rate of 100'ton/hr: The
coal has a gross heating value of 26,000,000 Btu/ton and a' 10% ash content.
. Calculate the fly ash collector efficiency required to meet the Federal
particulate emission standard of 0.1 pounds per million Btu. Note the
uncentrolled emission factor foy a spreader stoker is 13A (lbs/ton),
wheére A.is the percent of ash in the coal.’ . '

. % afficiency.
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Attachment 3-1, Analyses of Samples of Natural Gas?
. Sample No. 1 2 ) 3 4 5
Source of Gas Pa. So. Cal. Ohio La. - Okla.
Annlysex '
Constituents, % by vol 4
I,  Hydrogen T —— — 1.82 — —
CHy  Methane 83.40 44.00 9139 9).00 84.10 ,
Catly Ethylene _ — 0.25 o o
Cyllg Ethane 15.80 14.80 — 5.00 6.70
O Carbon monoxide _ - . 0.4% — _—
€O, Carbon dinxide ' — 0.70 0.22 — 0.80
N3  Nitmgen 0.50 0.50 3.40 5.00 R.A40
0, Oxygen : —— —— 0.35 g —
IS Jivdrogen sulfide . — — 0.18 L — —
l',_l!im:m-, G by wt . ! - '
S Sulfur o — 034 _ —
g By fvdogen 2357 2330 23.20 9> 68 20.55
C Carlom 75.25 772 - .12 69.26 L6184 7
N._,! . Nitrogen L 1.22 070 5.76. 806 - 129
0, Oxypen - 1.22 . 1.38 — 1.1
Specific gravity (rel to air) 0.630 0.636 T0.567 T0.600. 0.630
Higher heat valwe ' . _ 3
: Btu/cn ft @ 60F & 30 in, Hg 1129 1,116 964 T,002 074
"’ Btw/)b of fuel : s 23,170 22,904 oM 21,824 | 20,100
r
Xy .' C -
SRR | . Reprinted with permission of s
‘ C Babcock & Wilcox
> ) '
. .
v * ,
\ " .
]
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Attachment 3-3, Detailed Requirewments for Fuel Oils™ .
-~
L4
> l ' i Distillation ’ 4 ! ) 1
. Weter Corbeon Kinomotic Viecasity,
- ! . v
N l Fosh Pour and Revidve Ash. ‘.mpu:'qu, Saybell ViscosHy, eoc ‘ . Renhsteh®s Geov. Coppor
. Point,  Puint, Sediment . @710 percent i e e e e = ity. .. Stwp
Grave of Fuat QNI N N por cant e awnt L3 SRy ] deg Core.
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_:{ Anthracite
Low-Vol. Bituminous

"High-vol. Bituminous

“ ~ 'Subbituminous A .
Subbituminous C
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‘Lignite A
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»  Attachment 3-11,, Selected Coal Analysis?
: Volatile Fixed
Location Moisture Matter Carbon
P .
Lackawanna.Co., PA 2.5 6.2 79.4
McDowell Co., WY 1.0 16.2 77.3
Westmoyeland Co., PA 1.5 30.7 56.6
Musselshell Co., MT 14.1 32.2 46.7
Campbell*To., WY 31.0 31.4 32.8
R " v
Mercer Co., ND 37.0 32.2

Ash

11.9

e

v

High

Heating
Sulfur(} Value
0.60 12,925
0.74 14,715
1.82 13,325

H , : .

0.43 . 11,140
0.55 8,320
0.40 7,255
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